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INTRODUCTION 
North-south adaptation of soybean (Glycine max (L. ) 
Kerr.) varieties is limited by differences in critical day-
length (Gamer and Allard, 1920; Borthwick and Parker, 1939). 
If daylength-neutral strains could be used in soybean breeding 
programs, the range of adaptability of soybean varieties might 
be considerably increased. A series of crosses between day-
length-neutral and short-day soybeans were made (Dr. D. E. 
Green, Agronomy Department, Iowa State University, Ames, Iowa) 
to study plant response to photoperiod and the possibility of 
incorporating photoperiod-sensitive varieties to increase their 
range of adaptability. 
Among the offsprings of a cross between 'Flambeau* and 
'Shinsei* there were two extraordinarily tall plants. Seeds 
derived from an F^ line of one of these plants were used for 
this study and was called 'Super Tall'. Super Tall closely 
resembles the soybeans treated with gibberellic acid (GA). 
Exogenous applications of GA^ to soybeans have been shown to 
increase intemode elongation and decrease stem diameter 
(Marth et al., 1956; Bostrack and Struckmeyer, 1964; Ruddat and 
Pharis, 1966). Also, Ogawa (1962) with seeds, cotyledons and 
hypocotyl of Pharbitis nil. Phinney (I96I) with maize seed­
lings, Suge and B/Iurakami (1968) with rice, and Goto and Esashi 
(1975) with bean seedlings,reported that tall plants contain 
a greater amount of gibberellin-like substances than do short 
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plants. Risch (1976), and Lockard et al. (1970) reported 
similar results with potato and tomato, respectively. It 
would not be unreasonable to suspect that a higher level of 
GA in Super Tall could be responsible for the increased inter-
node elongation. To test this possibility, GA was extracted 
from soybean tissues and its activity was assayed. In addi­
tion, reciprocal grafts of Super Tall and normal soybean root 
and shoot systems were made to find out which part of the plant 
(root or shoot) controlled plant heights. 
Some investigators have failed to obtain differences in 
GA levels between tall and short plants (Jones, 1968j Radley, 
1958). Radley (1970) found an even higher level of GA in 
dwarf type of wheat, and suggested that these dwarf cultivars 
had a block in the utilization of gibberellin. A drastic stem 
elongation may be a result of an intrinsic capacity to have 
higher levels of gibberellin production and turnover, or a 
capability to utilize a given level of gibberellin more ef­
ficiently, i.e., the higher sensitivity of plant to gib­
berellin, or changes in gibberellin metabolism. To study this 
subject the environmental variables temperature and photoperiod 
were manipulated and plant responses to the application of 
exogenous GA and 2-isopropyl-^-dimethylammonium-5-methylphenyl 
piperidine-l-carboxyiate methyl chloride (AMO-1618), an in­
hibitor of GA biosynthesis, were measured. 
In several species, a growth response to GA has been 
shown to be accompanied by an increase in carbohydrate-
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hydrolyzing enzymes and soluble carbohydrates and thereby an 
enhancement of mobilization of reserve food (Nanda and Dhindsa, 
1968; Kauftaan et al., 1968). The levels of starch and sucrose-
hydro ly zing enzymes, sucrose, reducing sugars, and starch were 
compared between Super Tall and its parent soybeans, to obtain 
indirect evidence of the presence of a hi^er GA in Super Tall 
than in the parent soybeans. 
Finally, the possibility of an involvement of other plant 
hormones, especially indole acetic acid (lAA) and abscisic 
acid (ABA), on stem elongation in Super Tall was studied. 
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REVIEW OF LITERATURE 
It has been suggested that short ciiltivars of grains have 
greater value in agriculture than do the tall. Especially 
for the narrow-row environment, the shorter soybean plants are 
needed because of a need for higher population; shorter plants 
could solve the lodging and harvesting problems associated with 
high plant population and high soil fertility (Shibles and 
Green, I969). 
Plant hei^t has been explained by the natural hormones in 
plants. Phinney (I96I) with maize seedlings, and Suge and 
Murakami (I968) with rice plants reported that the content of 
gibberellin-like substances was lower in genetic dwarf plants 
than in normal plants. These dwarf plants have been used for 
standard bioassay of gibberellins. Lockard et al. (1970) re­
ported that tall tomato plants showed higher gibberellin-like 
activity than did short cultivars when tomato plant extracts 
were assayed by the dwarf com bioassay and IR spectroscopy. 
They found two zones of GA-like activity in the chromatograms. 
One zone corresponded to that for and the other to that 
for GAj^y: In both cases ; the gibberellin activity was higher 
in extracts from tall plants. Goto (1970), and Goto and 
Esashi (1973) reported that the amounts of gibberellin in the 
cotyledons of tall beans were greater than in those of dwsirfs, 
and that the gibberellin contents in the tall ones showed three 
patterns of change during imbibition; a decrease, no change, 
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and an increase. In the increasing phase, a glucose-bound type 
of gibberellin increased in the cotyledons of tall beans, but 
not in those of dwarf plants. They suggested that the bound 
gibberellins may play some important role in regulating the 
elongation of bean seedlings. However, glucose-bound or other 
bound gibberellins are thought to be inactive forms and the 
release of free gibberellin from the bound form brings about 
biological gibberellin activity (Aung et al., 1969; Barendse 
and Klerk, 1975; Yamane et al., 1975). The glucoside may be 
a temporary storage form from which the GA may be translocated. 
Glucose-bound GA has been found in the bleeding sap of maple 
and elm trees (Sembdner et al., 1968; Lang, 1970), and 
some workers have regenerated GA from bound-GA (McComb, 1961; 
Hashimoto and Rappaport, 1966b). Barendse and Lang (1972) also 
found that the levels of the bound gibberellins were much 
higher than the levels of free GA in both the tali and dwarf 
strains of Pharbitis nil seedlings, but the level of the bound 
form was much lower in the dwarf strains, as Goto and Esashi 
(1973) reported in bean seedlings. 
Goto and Esashi (1975) also determined the level of gib­
berellins in the embryonic axes of tall and dwarf beans by the 
lettuce hypocotyl assay using thin-layer chromatography. 
There was no qualitative difference in gibberellins between 
tall and dwarf axes, but the levels were greater in the tall 
axes. They reported that neither AMO-1618 nor CGC caused sig­
nificant reduction in the levels of gibberellins and concluded 
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that axis growth in the early germinating period depended on 
the gibberellins stored in the axis itself. Risch (1976) 
compared the endogenous gihberellin content of tall and short 
potato plants. The amount of free gibberellins was greater in 
the tall variety than in the short one, and leaves and stems 
contained the hi^est level of endogenous gibberellins at the 
beginning of the linear growth. On the other hand, Radley 
(1958), and Jones (I968) failed to find significant differ­
ence in the level of endogenous gibberellin content between 
tall and short pea plants. In dwarf wheat cultivars, Radley 
(I97O) found lower levels of gibberellin in the normally tall 
varieties than in the dwarf. 
In several species, a growth response to GA has been 
shown to be accompanied by an increase in carbohydrate-
hydrolyzing enzymes or changes in soluble carbohydrates. First, 
ïomo (i960) and Faleg (i960) showed independently that GA^ in­
creases the activity of stareh-hydrolyzing enzymes. Nanda and 
Purohit (1965) reported that gibberellin-induced enhancement 
of extension growth of Salmalia malabarica Schott and Endl 
is accompanied by gibberellin-induced metabolism change of 
reserve starch. They suggested that enhancement of extension 
growth is brought about by enhanced mobilization of reserve 
starch by gibberellin application. 
Nanda and Dhindsa (I968) studied the effect in soybeans of 
GA^ on extension growth, starch content, and levels of starch-
hydrolyzing enzyme of individual intemodes. They reported 
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that the intemode which had the maximum elongation due to GA^ 
treatment had the least starch and the maximum hydrolytic ac­
tivity during the period of elongation. They also suggested 
that enhanced growth is brought about by enhanced mobilization 
of reserve food by GA. Paleg (1965) also suggested that GA-
mediated hydrolysis of stored substrates within plant cells 
could play a significant role in the control of elongation. 
Hatch and Glasziou (I963) found a very close correlation 
between invertase activity and growth rate in intemodes of 
different ages. The maximum increase in invertase activity 
caused by GA^ in aerated slices of artichoke tuber was 1.8 
times (Edelman and Hall, 196^), in oats it was 5 times (Kauf­
man et al., 1968), and in beet root slices it was I.3 times 
(Palmer, I966) the invertase activity of the control. Radley 
(1970) reported that an application of GA caused an increase 
i.n soluble carbohydrates zn the leaves of the tall wheat Cul— 
tivars but not in the leaves of the dwarf cultivars which con­
tain hi^ levels of endogenous GA. Even though there was not 
enough evidence, he proposed two possible mechanisms for this 
response I (a) the primary reaction was different in the two 
tissues, or (b) there was a block at a later stage in the se­
quence of events in the dwarf. 
The environmental factors responsible for controlling 
intemode elongation, especially photoperiod and temperature, 
are of some interest, both for intrinsic reasons, and also 
because their effects may be mediated through pathways of 
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gibberellin metabolism. Zehni and Morgan (1976) reported that 
extending the photoperiod from 11 hours to 13 or 14 hours with 
low intensity incandescent light inhibited the development of 
flower buds and caused many of them to senesce and abscise, 
while at the same time promoted the elongation of those inter-
nodes below the uppermost trifoliate leaf and promoted the 
elongation of the petioles. However, they did not discuss the 
possible mechanism of the enhanced elongation of those inter-
nodes and petioles. 
Vegetative plants of dwarf Silene armeria do not respond 
to an application of exogenous GA with short day (SD), but the 
intemodes of tall plants elongate with long day (ID) or with 
GA^ and short days. Wellensik (1976) explained that the cause 
of the stem elongation in the tall plants was because of a 
dominant gene (S) which has "stem-elongating mechanism"; while 
dwarf plants had no "stem-elongating mechanism" (designated as 
recessive gene ss) responsible for dwarf growth and absence of 
sensitivity to GA under SD conditions. 
Others have tried to explain the differences in growth 
rate under different photoperiods by changes in gibberellin 
metabolism. The differences in growth rate under different 
photoperiods are correlated with the level of extractable GA-
like substances (Zeevaart, 1969a) particularly with that of 
GA^-like substances (Zeevaart, 1969b; Gaskin et al., 1973). 
Furthermore, stem elongation of Silene armeria' induced by long 
day can be prevented by the application of AMO-I6I8, an 
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inhibitor of GA biosynthesis (Lang, 1970; van den Ende and 
Zeevaart, 1971)» Application of the growth retardant AMO-1618 
to Silene reduced the level of two endogenous GA-like sub­
stances, one of them with GA^-like properties, with more effect 
with long than short days, van den Ende and Zeevaart (1970) 
concluded that stem elongation in Silene appears to be under 
control of endogenous GA and that long photoperiods, which 
induce flower formation and stem elongation in Silene. increase 
the turnover of endogenous gibberellins. Pokhriyal et al. 
(1976) reported that with increase in the number of inductive 
cycles the gibberellin-like substances of soybean leaf decreased 
progressively and markedly through seven inductive cycles. 
There have been suggestions that phytochrome system is in­
volved in the GA biosynthesis (Reid et al., I968; Evans and 
Smith, 1976; Stoddart, I976). When dark-grown cereal leaves 
are exposed tc red light (660 nm) for only 15 min very large 
increases occur in the extractable gibberellin content (Reid 
et al., 1968). Up to 60^ of the total gibberellin content of 
the leaf is contained in the chloroplast fraction (Stoddart, 
1968) and thus studies for light-mediated effects on gibberel­
lin activity have been done with plastid. 
Using isolated etioplast preparations. Cook and Saunders 
(1975) have shown that the red light effect on extractable 
biological activity could be solely attributed to the plastid 
and that no comparable increase occurred in other fractions. 
Cook et al. (1975) also showed that phytochrome was detected 
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in the etioplast and "biologically active gibberellin content 
was increased "by red light. They also showed that gibberellin 
biosynthesis inhibitors greatly reduced the red light response. 
Evans and Smith (1976) obtained the same result using carefully 
authenticated etioplasts. They showed the involvement of 
phytochrome in GA metabolism by demonstrating that the en­
hancement of biological activity of GA was far-red (730 Tim) 
reversible. 
It has been interpreted that increased gibberellin activi­
ty is due to the change of permeability of the plastid en­
velope by phytochrome system. Evans and Smith (1976) proposed 
that the change, of permeability of plastid envelope brings an 
efflux of gibberellin resulting in internal depletion and that 
stimulates GA biosynthesis by way of a feedback activation 
mechanism. On the other hand, Cook and Saunders (1975) sug­
gested that the increased biological activity is the result of 
release from a bound form within the plastid and the permea­
bility change is the secondary process to facilitate efflux of 
the released gibberellin. All these studie© imply the possi­
bility of the coapartaentalization of phytochrome and GA. 
Stoddart (1976) mentioned that compartmentalization of endoge­
nous growth regulators coupled with environmentally mediated 
release mechanisms offers an attractive solution to plant 
responses mediated by the GA, and many other, problems of 
plant development. 
Temperature has a very important role in plant morpho­
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genesis, as does photoperiod. Brown (i960) and Brown and 
Chapman (I96O) reported that the relationship between rate of 
soybean development and temperature is curvilinear and para­
bolic in nature. The development of soybean was maximum at 
30°C. Hofstra (1972) studied a detailed analysis of the ef­
fects of temperature on soybean plant growth. He found that 
each plant part had a specific optimum temperature to reach its 
maximum growth. Stem elongation was greatest at 36°C and 
axillary growth was most evident at lower temperature. Parker 
and Borthwick (1951) noted that during the photoperiodic induc­
tion, increasing temperature (especially night temperature) in­
creased the number of nodes, intemode length, decreased car­
bohydrate content, and increased nitrogen level in plant 
tissue. Althou^ it is well-known that increasing temperature 
increases intemode number and intemode elongation, there are 
^ ^ ^ i ^  ^  ^  ^  ^ « «««A 
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and GA content in plant tissue. There have been some studies 
on GA content changes after shifts in temperature, e.g., 
vernalization and stratification. An increase in the level of 
GA-like substances has been reported in winter wheat, winter 
rye, and the winter annual Brassica napus by Chailakhyan and 
Lozhnikova (1962), and radish by Suge (1970) after vernaliza­
tion. 
Stratification of hazel nut seeds results in an increase 
in the level of GA-like substances (Flankland and Wareing, 
i960, 1966; Ross and Bradbeer, I968). A similar increase in 
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GA level occurs when tulip bulbs are transferred from low 
(13°C) to higher temperature (18°C). There was a marked in­
crease in the conjugated GAs with decrease in free GAs at 
13°C, while at 18°G the reverse occurred (Aung et al., I969). 
They suggested that a temperature sensitive interconversion 
mechanism between free and bound GA exists in tulip bulbs. 
On the other hand, it has been reported that increasing 
temperature decreases the responsiveness to application of an 
exogenous GA and that increasing temperature alone often 
simulates the effect of GA on intemode elongation (Junttila, 
1970; Lester and Carter, 1970; Yates, 1972). These results 
suggest that at higher temperature, GA metabolism, or sensi­
tivity to GA, has been decreased compared with that at lower 
temperature. 
The possibility of involvement of lAA in stem elongation 
has long been suggested; especially during the time when GA was 
not recognized as an independent hormone, the auxin-mediated 
mechanism for gibberellin action was popular (Pilet, 195?» 
Kefford and Goldacre, I96I; Kuraishi and Muir, 1964). Kuraishi 
and Muir (1964) suggested that the GA role in stimulating 
growth of dwarf peas is throu^i an enhancement of auxin levels. 
Pilet (1957) reported that gibberellin suppresses the activity 
of lAA oxidase, thereby causing stem elongation, but Kato and 
Katsumi (1959) did not find such suppressive effects. 
Gunckel and Thimann (19^9) found higher auxin levels in 
long than in short shoots of Gingko. and van Overbeek (1938) 
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showed that coleoptile tips of dwarf maize mutant produce about 
half as much auxin as does the normal seedling. Phinney 
(1956a) reinvestigated this and confirmed the parallel 
variation between growth and auxin production; auxin added 
to the dwarf plants gave no increased growth, but when GA was 
added to the dwarf plants, their growth brought them up to 
the height of the normal plants (Phinney, 1956b). 
Kinetin has been reported to have an inhibitory effect on 
stem elongation (Skinner and Shive, 1955; de Ropp, 1956). 
Lona and Bocchi (1957) have shown that kinetin inhibits GA-
induced stem elongation in several rosette plants, and Wittwer 
and Deloph (I963) observed the same effect on caulescent plants. 
Galston et al. (1953) Sommer (I96I), and Katsumi (1962) re­
ported that kinetin and benzimidazole appeared to promote 
transverse growth at the same time that they inhibit elongation. 
Wright (1961) has made careful measurements of the growth 
responses to GA, auxin, and cytokinin, and has determined dis­
tinct times of responsiveness to the three hormones. GA re­
sponse appears first, followed by cytokinin, and then auxin 
acts during the maximum cell enlargement stage. He suggested 
that the separate hormones regulate separate aspects of 
growth, with optimal concentration of each, and they are not 
limiting at the same time during the growth of wheat coleoptile. 
The universal application of this hypothesis has not been 
proved. 
McComb (1965) showed the possibility of absence of lAA 
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involvement in Callitriche shoot elongation, by treating plants 
with the mixtures containing different amounts of auxin and 
gibberellin. He found an inhibitory effect on the stem growth 
with auxin; most of the inhibitory effect of auxin was exerted 
upon the intemodes which were about to expand at the time of 
treatment. 
Stem growth is assoc^^M^^^ the function not only of 
plant growth stimulaJ^^^^^^^^^^^Kjiatural inhibitor, which 
a dominanj^^^^^^^^^^^^^^^^n of growth 
processes at (Wareing and 
Saunders, 1971). , balance between 
gibberellin and controlling 
bud dormancy and Gulaeva, 1976; 
Robitaille and Carson 
Several authors have extracted chemically unidentified 
GA antagonists from various plants: immature lima beans, pea 
seedlings, hemp plants (Kohler and Lang, I963), immature broad 
beans (Vicia faba) (KShler, 1964), carob (Ceratonia siligua) 
fruits (Corcoran and West, I968). Among these, about half 
of the lima ^ean inhibitor is identified as ABA, and one of 
the inhibitory fractions from carob fruit extract also seems 
to be identical with ABA (Barnes and Li^t, I969). 
It has been suggested that ABA can overcome a number of 
plant responses mediated by the gibberellins (Chrispeels and 
Vamer, 1967; Wareing et al., I968; Addicott and Lyon, 1969). 
ABA inhibits the extension of com leaf section and the GA-
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enhanced elongation of normal and dwarf peas (Thomas et al., 
1965). In the study of metabolism of %-GA, in germinating 
"bean seeds, Nadeau and Rappaport (1972) suggested that ABA 
counteracts responses to GAs by mediating their conversion to 
biologically inactive forms, thus reducing the available free 
GAs. Wareing et al. (I968) found that ABA treatment of com 
leaves resulted in a marked decrease in level of GAs and sug­
gested that these decreases of GAs are the result of changes 
in GA metabolism and biosynthesis. Nadeau et al. (1972) re­
ported that ABA plays a major role in modulating supplies of 
GAs in tissues via its effects on GA uptake and metabolism. 
Abscisic acid inhibits synthesis of nucleic acid or protein, 
or both (van Overbeek et al., I968; Shih and Rappaport, 1970). 
influences the level and activity of some enzymes (Ghrispeels 
and Vamer, I966; Addicott and Lyon, I969). and reduces 
respiration (KulL and Hoffmann, 1975). 
There have been several reports of an increase in ABA in 
water-stressed tissues (Milborrow and Noddle, 1970; Kizrahi 
et al., 1971; Simpson and Saunders, 1972; and Zabadal, 1974). 
Boussiba et al. (1975) reported that leaf dehydration, mineral 
deprivation, salination, or BO^ toxicity on tobacco 
(Nicotiana rustica L.) plants exhibited increased resistance 
to subzero temperature and to reduced Og in the root medium. 
The stressed plants all showed an elevated content of ABA. The 
application of exogenous ABA to the leaves or root medium 
improved leaf resistance to subzero temperature and to depriva-
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involvement in Callitriche shoot elongation, "by treating plants 
with the mixtures containing different amounts of auxin and 
giboerellin. He found an inhibitory effect on the stem growth 
with auxin; most of the inhibitory effect of auxin was exerted 
upon the intemodes which were about to expand at the time of 
treatment. 
Stem growth is associated with the function not only of 
plant growth stimulators, but also of natural inhibitor, which 
occupies a dominant position in regulation of growth 
processes at certain stages of ontogenesis (Wareing and 
Saunders, 1971). Especially in woody plants, balance between 
gibberellin and ABA is a very important factor in controlling 
bud dormancy and shoot growth (Fedorova and Gulaeva, 1976; 
Robitaille and Carson, 1976). 
Several authors have extracted chemically unidentified 
GA antagonists from various plants» immature lima beans, pea 
seedling, hemp plants (Kohler and Lang, I963), immature broad 
beans (Vicia faba) (KShler, 1964), carob (Ceratonia siligua) 
fruits (Corcoran and West, I968), Among these, about half 
of the lima bean inhibitor is identified as ABA, and one of 
the inhibitory fractions from carob fruit extract also seems 
to be identical with ABA (Barnes and Li^t, I969). 
It has been suggested that ABA can overcome a number of 
plant responses mediated by the gibberellins (Chrispeels and 
Vamer, 1967; Wareing et al., I968; Addicott and Lyon, I969). 
ABA inhibits the extension of com leaf section and the GA-
15 
enhanced elongation of normal and dwarf peas (Thomas et al., 
1965). In the study of metabolism of %-GA, in germinating 
bean seeds, Nadeau and Rappaport (1972) suggested that ABA 
counteracts responses to GAs by mediating their conversion to 
biologically inactive forms, thus reducing the available free 
GAs. Wareing et al. (I968) found that ABA treatment of corn 
leaves resulted in a marked decrease in level of GAs and sug­
gested that these decreases of GAs are the result of changes 
in GA metabolism and biosynthesis. Nadeau et al. (1972) re­
ported that ABA plays a major role in modulating supplies of 
GAs in tissues via its effects on GA uptake and metabolism. 
Abscisic acid inhibits synthesis of nucleic acid or protein, 
or both (van Overbeek et al., I968; Shih and Rappaport, 1970), 
influences the level and activity of some enzymes (Chrispeels 
and Vamer, I966; Addicott and Lyon, I969 ), and reduces 
respiration (Kull. and Koffinann, 1975) • 
There have been several reports of an increase in ABA in 
water-stressed tissues (Milborrow and Noddle, 1970: Mizrahi 
et al., I97I; Simpson and Saunders, 1972; and Zabadal, 197^). 
Boussiba et al. (1975) reported that leaf dehydration, mineral 
deprivation, salination, or BO^ toxicity on tobacco 
(Nicotiana rustica L.) plants exhibited increased resistance 
to subzero temperature and to reduced Og in the root medium. 
The stressed plants all showed an elevated content of ABA. The 
application of exogenous ABA to the leaves or root medium 
improved leaf resistance to subzero temperature and to depriva­
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tion of root Og. Raschke et al. (1976) showed that prechilled 
leaves contained more ABA than leaves of plants pretreated in 
warm chamber. 
The levels of ABA in normal plants, however, have 
attracted much less attention. McMillan and Zeevaart (1973) 
identified GAgQ and ABA, using gas chromatography-mass 
spectrometry, and found that the level of ABA was much higher 
than the level of GAgg in flowering BrvoDhyllum daigremontlanum. 
But they did not discuss the possible role of that hi^ concen­
tration of ABA in the tissue. The role of inhibitors in normal 
plants should be studied more extensively to understand a real 
critical clue in plant morphogenesis. 
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MATERIALS AND METHODS 
Development of Super Tall Soybeans 
The soybean cultivars 
Flambeau was hand pollinated with Shinsei (PI 317»336) by 
Dr. D. E. Green (Iowa State University) during the summer of 
1972. The and parent plants were used in a field experiment 
during 1973. The F^ plants exhibited hybrid vigor, being tall­
er and larger than either parent when grown under space-planted 
conditions. Seeds of the F^ plants were bulked and Dr. I. C. 
Anderson (Iowa State University) used these to develop Super 
Tall. Seeds were planted April 10, 1974 in 3-galIon pots 
filled with 311 soil-sand mixture. There were $8 Fg plants, 
20 Flambeau plants and 25 Shinsei plants. The plants were 
grown in a greenhouse with 24-hr photoperiods until May 10, 
at which time the photoperiod was progressively reduced to 
that of natural day length. On June 6 the plants were trans­
planted to the field. 
Total plant height of the Fg and parent plants were mea­
sured on May 26, and the results are presented in Figure 1= 
The two tallest Fg plants flowered on May 18 and 19, 5 and 6 
days earlier than Shinsei, a day-neutral Japanese cultivar 
(Guthrie, 1972). Seeds from each of the two tallest Fg plants 
were planted in the field on July 15. The F^ plants varied in 
height from 22 to 53 cm at maturity. Ten seeds from one of the 
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Figure 1. Fg frequency distribution of height of Flambeau x Shinsei 
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tallest plants were planted November 22 in pots of 1:1 soil-
sand, in a growth chamber at 25 C using 24-hr photoperiod. The 
lengths of the intemode between the second and third tri-
foliolate leaves of the mature F^ plants were 9, 9, 10, 10, 
13, 14, 17, 21, 22, and 23 cm. The four seeds of the tallest 
F^ plant were planted in 3-gallon pots in the greenhouse on 
March 11, 1975* The heights of the F^ plants were 93, 126, 
133» and 137 cm. Approximately 30 seeds of the tallest F^ 
plant were space-planted and grown in the field during the 
summer of 1975. None of the F^ plants was short, but there 
probably was more variation in height than would have been ob­
tained with a homogeneous cultivar. Seed from each plant was 
harvested separately. Five seeds from each plant were grown in 
the greenhouse and none of the plants was short, but only 
seeds from F^ plants having the tallest Fy plants were used 
for the present study and these lets of seed comprise what was 
called Super Tall. The phenotypes of Super Tall, Flambeau, 
and Shinsei are shown in Plate 1. 
Seeds of the shortest F^ plant were also planted in the 
field and produced plants with variation in height but no tall 
plants were evident. The seed from each F^ plant was harvested 
separately and Fy plants grown to determine which F^ plants to 
use for seed in the present study. We called these lots of 
seed 'Short Sister Selection'; actually, the intemode lengths 
were comparable to that of common cultivars. 
The distribution of plant height in the Fg, along with 
20 
Super Tod Flambeau 
Plate 1. The phenotype of Flambeau, Super Tall, and Shinsei 
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segregation in later generations, indicates transgressive 
segregation toward tallness with multiple genie inheritance 
of plant height in this cross. 
Experiment on Gihberellin Extraction and Bioassay 
Gibherellin extraction and partial purification 
Seeds of the parent soybean varieties Flambeau and Shinsei, 
and of the derived Fg line called" Super Tall, were treated with 
fungicide and subsequently placed above water in a closed jar 
for over ni^ht. The humidified seeds were sown in silica sand 
and kept in the greenhouse under lA-hr photoperiod. Some 
preliminary extraction and purification were done with the 
soybean variety 'Amsoy' using the methods of Hayashi and 
Rappaport's (1962) with some modification. Fifteen-day-old 
seedlings were harvested, washed, and homogenized with 80% 
methanol in a Waring blender. The extract was concentrated, 
partially purified and separated into fractions by the proce­
dure shown in Figure 2. 
Thin layer chromatography (TIC) 
After separation, each fraction was concentrated under 
forced air, streaked on a silica gel thin layer chromatography 
plate prepared with a Brinkman thin layer applicator. The 
plates were developed in an ascending solvent system containing 
n-butanolI ammonium hydroxide (specific gravity 0.897), 3:lv/v, 
in order to separate inhibitors (Bailiss, 1974) and GA. into 
groups. Reference spots of authentic gibberellic acid^ and 
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Washed soybean leaves and stems 
(Fresh wei^t; 150 g) 
Homogenize 80fo methanol 
Methanol 
Extract 2^ hr at 4°C 
Filter 
Residue 
Extract 24 
Filter 
Methanol 
— Methanol (80?^) 
hr at 4°C 
Evaporate to water phase 
pH=7T3^ 
Residue 
• 1 
discard 
-NaHCO, 
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Ethyl acetate 
I 
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pH=2.5 
Ethyl^ acetate 
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Extract j^x with 
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discard 
Figure 2, Method for extraction and partial purification of 
gibberellin from soybeans 
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abscisic acid were chromâtographed at the time when extracts 
were subjected to chromatography. 
The region between 0.5 to 0.6 was saved for inhibitor 
studiesf and the regions between 0.0 to 0.4 and 0.7 to 1.0 
were combined, and eluted with 80?S ethanol. The alcohol eluent 
was concentrated and restreaked on 2 mm Brinkman precoated thin-
layer chromatography plate of silica gel 60 f-254, and devel­
oped with a solvent system containing isopropanol»ammonium hy­
droxide (specific gravity 0.897)«water, 10:1:1 v/v (Hayashi 
and Rappaport, I962). The developed chromat0grams were made inr 
to 10 sections corresponding to R^, and eluted with QOfo ethanol. 
Bioassay 
The final 80^ eluent was evaporated to dryness and dis­
solved in 5 nil of 0.0595 ethanol polyoxyethylene sorbitan mono-
laurate (Tween 20) solution for bioassay. The dwarf rice bio-
assay described by Murakami (I968) was used in this experiment. 
Simple recessive dwarf rice seeds were obtained from Murakami, 
National Institute of Agricultural Sciences, Tokyo, Japan. Be­
fore use the seeds were submerged in water at 32°C for 2 days. 
Germinated seeds were selected for uniformity, and planted in 
groups of five in scintillation vials filled with 1^ agar. Vi­
als were placed in a crisper containing water to a depth of 
1 cm and placed in a growth chamber at 32°C under 12-hr photo-
period for 2 days. At the time the second leaf emerged from 
the first leaf, the compounds were applied to the surface of 
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coleoptiles in a 1 pi drop of eluent. Standard concentrations 
of GA^ in 0.05^ Tween 20 also were used. Three bottles of four 
seedlings each were used for each treatment. The treated seed­
lings were grown for 3 more days at which time total shoot and 
second-leaf-sheath length were measured. 
Gibberellin extraction from apical buds 
Plant materials and extraction GA-like substances were 
extracted from the apical buds which John Wiersma (Dept. of 
Agronomy, I.S.U., Ames, Iowa) harvested and freeze-dried in the 
summer of 1974. Apical buds were collected 251 50» and 78 days 
after sowing. The totsil fresh weights of 25-, 50-, and 78-day-
old apical buds were 6O.5, 58.2, and 77.1 g, respectively. 
On June 1975, these buds were homogenized with ice-cold 
80% methanol. After methanol was evaporated with flash evapo­
rator, aqueous solution was acidified to pH 2.5 with IN H31. 
This aqueous residue was partitioned three times with ethyl 
acetate. The aqueous residue was discarded and the ethyl 
acetate fraction was concentrated by forced air to volume of 
5 to 10 ml and subjected to paper chromatography. 
Paper chromatograwhv The concentrated ethyl acetate 
fraction was streaked on Whatman chromatography paper (3RÎK) 
with a disposable micropipet. After drying, the papers were 
developed with a descending solvent system containing iso-
propanol:ammonium hydroxide (specific gravity 0.897)«water, 
10:1:1 v/v. The developed chromato grams were cut into 10 
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sections corresponding to R^, and eluted several times with 
80^ ethanol. The eluents were dried and dissolved in 5 ml of 
0.05^ Tween 20 and gihberellin activity was assayed by rice 
seedlings as previously described. 
Grafting Experiment 
Five cultivars of soybean were used in this experiment: 
Flambeau, Shinsei, 'Chestnut', 'Altona', and Super Tall. Two 
kinds of controls were used: ungrafted plants, and grafted 
plants with stem and root of the same cultivar. Although the 
same cultivar was used for both stem and root in the self-
grafts, the stem and root were from different plants. Self-
grafted plants were compared with the respective ungrafted 
plants of the same cultivar to determine the effect of the 
graft per se. 
Soybean plants for root stocks were grown for 10 days in 
peat pots with a group of three peat pots planted in a 9-inch 
clay pot filled with sand. Each peat pot was filled with soil 
(2 soilil sand) and contained one seed of one variety. Soybean 
seeds for scion were planted in silica sand. Because of the 
known low germination rate of Shinsei, plants for both root 
stocks and scions of Shinsei were planted after they had 
germinated on wet sterilized paper towels. 
In order to prepare more precise and reproducible wedge-
cuts, a grafting block designed by Sander and Brown (1973) 
was used. After a 1-cm wedge-cut on scions from 7-day-old 
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soybean seedlings was made, the scion was inserted into the 
split stem of the 10-day-old soybean root stock, positioned, 
and sealed with a small plastic straw and rubber band. After 
the grafts were made, the pots were covered with polyethylene 
bags for five days, then uncovered, and subsequently fer­
tilized with 2.5 grams of lawntopper (Missouri Farmers Associa­
tion Inc.) containing nitrogen:available phosphoric acid: 
soluble potash, 13:13:11, 10 days after grafting. The total 
heights were measured 17, 24, 3I days after grafting. 
Experiment on the Levels of Carbohydrates and Enzymes 
Plant material 
Six seeds of Flambeau, Shinsei and their F^ offspring. 
Super Tall, were planted in 9-inch polyethylene pots filled 
with a potting mixture of 2 part soil:l part peat :1 part sand 
(v/v). The first group of soybeans '.vers grov-T. in the green­
house under 12-hr photoperiod and fertilized with 2.5 g of 
lawntopper. The second and third groups of soybeans were grown 
outside of the greenhouse. The soybeans were grown until 
Super Tall showed an enhanced internode elongation (about 1 
month after sowing). Two plants from one pot were used in 
this experiment; one plant for sugar assay and the other for 
enzyme assay. Stems and leaves from the lower and upper parts 
of a plant were harvested and assayed for sugar and enzyme 
level. The stem which did not show an enhanced internode 
growth in Super Tall was assigned as Stem 1 and the stem which 
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was starting to show enhanced interne de elongation in Super 
Tall was assigned as Stem 2, and the leaves attached to these 
stems were assigned as Leaf 1 and Leaf 2, respectively (Figure 
3). Stems and leaves of Flambeau and Shinsei were assigned in 
the same way. 
Plant materials for study of the effect of application of 
exogenous GÀ on sugar levels and sugar hydrolyzing enzyme were 
obtained the same way as previously described, except for the 
GA^ treatment on apical buds. Two weeks after seedling emer­
gence, a drop of 10"^ M GA^ in 0.059? Tween 20 solution was 
applied twice a week at the apex of soybeans with a disposable 
pipet. At the same time, a drop of O.OSf° Tween 20 solution was 
applied at the apex of control soybeans. 
Analyses of carbohydrates 
Samples were ground with a mortar and pestle at room 
temperature with 5 ml to 15 ml of 75% ethanol, and a small 
amount of acid-washed fine sand. The homogenate was centri­
fuge d for 10 min at 1,500 x g. The pellet was washed twice 
with 5 ml of 75% ethanol, and all the supernatant was collected 
in a small bottle and stored in the freezer until analyzed. 
The pellet was used for starch determination after it was 
washed with 10 ml of acetone followed by 10 ml of absolute 
ethanol, and dried in a vacuum oven at 40°C. Starch was 
analyzed by MacRae's method (1971). 
The dried pellet was dissolved in 10 ml of 0.1 M sodium 
L E A F  2  
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Figure 3. Assignment of stem and leaf number 
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acetate buffer (pH 4.8) and boiled in water bath for an hour 
to dissolve starch. After cooling, 5 ml of 0.1 M sodium 
acetate buffer (pH 4.8) containing 0.5 mg of amyloglucosidase 
was added and the mixture was incubated for 48 hr at 55°C. 
An aliquot of the supernatant was deproteinized according to 
Somogyi (1945) and 1 ml of that solution was incubated with 
2 ml of glucose oxidase solution for 1 hr at 35°C. The 
glucose oxidase reagent was prepared as described by Kilbum 
and Taylor (I969). The reaction was stopped with 5 N HCl 
and the absorbance was read at 5^0 nm. A standard curve was 
made by following the described procedure with known amounts of 
starch. The concentration of starch in tissue was expressed 
as mg starch/g fresh weight of plant tissue. 
The reducing sugars were measured by the Nelson-Somogyi 
method (Nelson, 1944; Somogyi, 1945). Two subsamples of 1 ml 
of appropriately diluted supernatant plus 1 ml of Somogyi ' 5 
reagent were placed in a, boiling water bath for 20 min, fol­
lowed by addition of 1 ml of Kelson's reagent, and the ab­
sorbance was read at 540 nm. A standard curve was made with 
glucose. Reducing sugars were expressed as mg glucose/g 
fresh wei^t of plant tissue. 
Sucrose was measured after an appropriate amount of 
supernatant was dried under forced air at room temperature 
or in a vacuum oven at 45°C. Sucrose was hydrolyzed by 1 ml 
of 0.1 M sodium acetate buffer (pH 4.5) containing 5 units of 
invertase for 1 hr at 30°C, The hydrolyzed reducing sugars 
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were measured according to the Nelson-Somogyi method. The 
amount of sucrose was calculated by subtracting the amount of 
reducing sugar in the sample before hydrolysis and the result 
divided by two. All the data were expressed in mg sucrose/g 
fresh wei^t of plant tissue. 
Assay of amylolytic. sucrose hydrolytic enzyme activity 
Samples were ground in an ice-chilled mortar and pestle 
with 0.01 g to 0.5 g PVP, 10 to 25 ml of potassium buffer, and 
a small amount of acid-washed fine sand. The homogenate was 
centrifuged at 1,500 x g for 10 min in a refrigerated centri­
fuge held at ça. 4°C. The supernatant was diluted 2 to 10 
times with grinding buffer, and was stored in small bottles in 
a refrigerator until assayed. 
Be ta-amylase activity was determined by measuring the in­
crease in reducing groups using the Nelson-Somogyi procedure. 
One-half ml of appropriately diluted enzyme preparation 
was incubated at 35°C for 20 min with 1 ml of 1^ Lintner's 
soluble starch and 1.5 nil of incubation buffer (50 mM 
potassium-phosphate buffer, pH 6.0, 10 mM CaClg). The amount 
of reducing sugars before incubation and that at the end of 
incubation were determined so the activity of the enzymes was 
expressed as the amount of reducing groups given by the dif­
ference between zero and 20 min. Maltose was used as the 
standard, and total amylase activities are expressed as mg 
maltose/g fresh wei^t/hr. 
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Alpha-amylase activity was determined by the decrease in 
color of a starch-iodine solution (Filner and Vamer» I967). 
One-half ml of appropriately diluted crude extract and 
0.5 ml of acetate buffer (0.1 M sodium-acetate buffer, pH 4.8) 
were incubated with starch solution for 5 to 15 min. The re­
action was stopped by adding 1.0 ml of iodine reagent (iodine 
stock solution containing 6 mg of potassium iodine and 600 mg 
of iodine in 100 ml water was used after a 1/10 dilution with 
0.05 N HCl), and 5 ml of water was added to read the optical 
density in Bausch and Lomb Spectronic 20 at 620 nm. Starch 
solution was obtained by boiling a starch suspension contain­
ing 100 mg of Lintner's starch, 6OO mg of KHgPO^^, and 200 
[imoles of calcium chloride in a final volume of 100 ml. A 
zero time control (1 ml of starch solution, 1 ml of iodine 
reagent, and 6 ml water) was prepared to obtain the reading for 
the unhydrolyzed starch. Alpha-amylase activity was calcu­
lated by the following formula (Filner and Vamer, 1967). 
A = absorbancy of a zero time control minus the absorbancy 
V = total volume of enzyme solution, 
V* = volume of enzyme used in assay. 
Invertase activity was measured by the increase in reduc­
ing sugars when the extract was incubated with a sucrose solu­
tion. One-half ml of appropriately diluted enzyme preparation 
= unit of a-amylase 
after reaction time (x) minutes. 
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was incubated with 1 ml of 180 mM sucrose solution and 1.5 ml 
of "buffer (10 mM sodium-acetate, pH 5«0). Glucose was used 
as standard. The enzyme activity of invertase was obtained 
by the difference in reducing sugars of the mixture before and 
after incubation and was expressed as mg glucose/g fresh 
weight/hr. 
Photoperiod Experiment 
Plant material 
Six seeds of the soybean cultivar Amsoy were planted in 
9-inch polyethylene pots filled with a mixture of soil:sand, 
2:1 (v/v). Five days after seedling emergence, the plants 
were selected for uniformity with a group of three plants per 
pot left. The soil was fertilized with 2.5 g of Lawntopper 
(Missouri Farmers Association, Inc.) containing nitrogen* 
available phosphoric acid:soluble potash, 13:13:11, at the 
time 15 days after emergence. The soybeans were grown in the 
greenhouse on a bench (610 x 135 cm) under a 12-hr photoperiod 
until treated. 
Photoperiod treatment 
Three weeks after planting, the plants were subjected to 
two different photoperiods: 12 and 22 hours. The bench was 
divided lengthwise into two parts. The east side of the bench 
was assigned to a 12-hr photoperiod, and the west side of the 
bench was assigned to a 22-hr photoperiod. A 5-foot high 
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wooden frame covered with opaque black polyethylene sheeting 
placed over the east side of greenhouse bench provided a 
photoperiod of 12 hours (Figure 4). The polyethylene sheeting 
was rolled up at 9 a.m. and replaced at 5»30 p.m. Control of 
photoperiodic extension was provided by 150 watt incandescent 
li^t bulbs at the height of 2 feet from the plant, by adjust­
ing the position of light source. Supplementary lighting was 
provided from 9 a.m. to 6 p.m. by three (ça. 1x2 meters) 
banks of lights, each bank containing 20 (40 watt) cool-white, 
fluorescent bulbs. Incandescent lights were on from 6 p.m. 
to 9 p.m. and from 6 p.m. to 5 a.m. to give photoperiods of 
12 hours and 22 hours, respectively. 
Gibberellin treatment 
Pour concentrations of GA^—0 GA^, 10~^M GA^, 10"% GA^, 
and 10"^M GA^—were applied to slants 9, 18, 27, 37 days old. 
One drop of GA^ solution dissolved in 0.0$% Tween 20 was 
applied on the apical bud with a disposable pipet. All the 
treatments, combinations of different GA^ concentrations 
and plant ages, were randomized within photoperiod. Plant 
hei^t and intemode length were measured at the end of the 
experiment, 
Measurement of chlorophyll a and b in the control leaves 
grown under photoperiods of 12 hours and 22 hours were mea­
sured by Bruinsma's method (I963). 
y/MfMr, '•iiiuAw 
Figure 4. Photoperiod extension design; there were three rows of soybean pots 
in each photoperiod; supplementary light banks were placed above the 
experiment bench 
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Temperature Experiment 
Plant material 
Two types of segregates of a cross Flambeau x Shinsei 
were used in this experiment; segregates with an enhanced stem 
growth (Super Tall) and segregates with a normal stem growth 
(Short Sister selection). Parents, Flambeau and Shinsei, were 
planted as references. Six seeds of soybeans were planted in 
polyethylene pots filled with a potting mixture of 2 parts 
soil t 1 part sand (v/v) in two growth chambers. The plants 
were thinned to a group of three per pot, fertilized with 2.5 g 
of Lawntopper two weeks after seedling emergence. Initially, 
the temperature of the growth chambers was 83°F for 12 hours 
and 78°F for another 12 hours; they were lighted for 24 hours. 
After seed emergence, one growth chamber temperature was set 
to 80°F for day and ?0°F for night (80/?0°F); and the other 
was set at 70°F for day and 60®F for ni^t (70/60®F). The 
photoperiod was shifted from 24-hour constant light to 12-hour 
photo period. Twenty days after planting, the soybean heights 
were measured and the plants were treated with GA^ or AMO-1618 
dissolved in 0.05^ Tween 20 on the apex of soybeans. Two pots 
were subjected to the same treatment and all the pots were ran­
domized within a chamber. 
36 
GA^ treatment and measurement 
GA^ solutions of 10"'^M. lO'^M, 10"&, 10'\, and 10"% 
were applied on the apical buds of soybeans with a disposable 
pipet. About 20 ml of 700 ppm, or 350 ppm of AMO-1618, were 
sprayed per pot. 
Intemode lengths of control plants and plants treated 
with 10~^ GA^ were measured every day. The intemode lengths 
and total heights of the rest of plants were monitored every 
week. 
Experiment on Indole Acetic Acid Effect 
Plant materials 
Soybean cultivar Amsoy plants were grown in the greenhouse 
the same way as the photoperiod experiment until treatment. 
Application of lAA and GA 
Mixtures of various combinations of lAA and GA^ were 
applied on the apical buds of l4-d2y-old soybeans. For the 
mixtures various combinations of 10"^M, 10"^M, 10"^M, and 10"% 
of lAA and 10~%, 10~^M of GA^ were used. A drop of the mix­
ture of GA^ and lAA was applied repeatedly on the apex every 
third day by disposable pipet. lAA and GA^ were dissolved in 
0.05^ Tween 20. 
Plant heists were measured every week and the given 
results in this experiment were the plant heights at the 
second week after the first treatment. 
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Abscisic acid 
Abscisic acid extraction and "partial purification In­
hibitor (presumably ABA) was collected from either the inhibi­
tor region of the thin layer chromatograms for GA previously 
described or from plant material of Flambeau, Shinsei, and 
Super Tall grown specially for measuring inhibitor content. 
Seeds were planted in silica sand and grown in the greenhouse. 
Seedlings at 15 days were harvested, washed, chopped and ex­
tracted with 8O5S ice-cold ethanol. The inhibitor of the 
extract was concentrated, and partially purified by the pro­
cedure shown in Figure 5» 
The developed chromatograms were cut into 10 sections 
corresponding to R^, and each section eluted with 80^ ethanol. 
The alcohol eluent was evaporated to dryness and dissolved in 
5 ml of 0.05^ Tween 20 solution for bioassay. 
Bioassay Wheat (Triticurn "algare) coleoptila test 
(Taylor and Burden, 1970) was used for the bioassay of ABA. 
Wheat seeds (cultivar 'Era') were germinated on moistened filter 
paper for 72 hr at 25°C in darkness. Ten sections (10 mm in 
length cut from the coleoptile tip) were incubated in a petri 
dish with the assaying solution on filter paper in darkness. 
This procedure was done under safe green li^t. After 48 hr 
the growth of the coleoptile sections was measured. 
I denti fic at ion of inhibitor To identify the substance 
responsible for inhibition of rice seedlings in the GA bioassay, 
samples from various regions of the TLC plates were sent to 
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Figure 5» Extraction and partial purification of abscisic acid 
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Dr. Ralph Hardy of E. I. du Pont de Hemours and Company, 
Wilmington, Delaware for ABA measurement. The TIC fractions 
were analyzed for ABA using their high performance liquid 
chromatographic (HPLC) method. 
Partial cleanup of the samples was made prior to HPIC 
analysis by the usual pH 8.0 and 3*0 ether extraction. The ABA 
in the pH 3.0 ether fraction was further fractionated on 
Zorbax-SIL HPLC column where the ABA region was collected and 
then passed through a Partisil-SCX column. Further confirma­
tion of ABA from some samples was made by running the ABA 
fraction from the SCX column through a third column (Partisil-
ODS). 
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RESUI/PS 
GA Extraction and Bioassay 
Histograms of glbberellin-like substances in neutral and 
acid fractions from shoot tissues of Super Tall and Flambeau 
are shown in Figure 6. In all fractions, gibberellin-like 
activities were observed with different amounts of growth in 
the bioassay. When GA^ and ABA were co-chromatographed, they 
were found in the regions 0.3 to 0.4 and 0.6 to 0.7» re­
spectively. Super Tall had much hi^er gibberellin activity 
in the GA^ region for the neutral ethyl acetate extract than did 
Flambeau. In other fractions of this solvent, gibberellin-like 
activity seems higher in Super Tall than in Flambeau, though 
the degree was not as large as that in neutral ethyl acetate. 
The neutral ethyl acetat® fraction of Flambeau showed a 
very strong inhibition at the region of 0.7. This fraction 
was identified as the fraction containing the highest concen­
tration of ABA (Figure 7)« Extractable gibberellin-like sub­
stances and inhibitors decreased as extraction proceeded from 
neutral ethyl acetate to acid butanol extraction. 
In order to check the plant growth stage at which soybeans 
had the most gibberellin-like activity, gibberellin was ex­
tracted from the apical buds of soybeans at different growing 
stages. Apical buds of 25-, 50-, and 78-day-old soybeans, 
variety Amsoy, were collected in the summer of 1974 by John 
Wiersma (Agronomy Department, Iowa State University, Ames, 
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perature , 800 p.s.i., and a flow rate of 1.7 ml/min 
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Iowa) and were freeze-dried. In June 19751 these buds were 
homogenized with 8055 methanol and gibberellin-like substances 
were extracted by ethylacetate at pH 2.5» but the inhibiting 
substances were not removed from these extracts. Apical buds 
from 25- and 50-day-old plants did not show much gibberellin-
like activity, but rather show inhibitory activity (Figure 8). 
However, the acid ethylacetate fraction of 78-day-old buds 
showed much gibberellin-like activity, especially at the 
region of Rj. 0.6 (Figure 8), At this stage, the apical buds 
had flower buds. 
Grafting Experiment 
Reciprocal grafts were made of various combinations of 
Super Tall, Flambeau, Altona, and Chestnut. The root did not 
affect the growth of the shoots (Tables 1 and 2). The domi­
nant control of shoot growth comes from the shoot part. When 
Flambeau, Super Tall, Chestnut and Altona scions were grafted 
to other root stocks scion heights were similar to that of the 
control of the scion part of the graft. 
Variations of Carbohydrates and 
Sugar Hydrolyzing Enzymes 
The levels of carbohydrates in stems and leaves of Super 
Tall and its parent cultivars, Shinsei and Flambeau, are shown 
in Figure 9» Tables 3 and 4. In stems, the level of starch was 
higjiest in Shinsei, lowest in Flambeau, and intermediate in 
Super Tall. The levels of reducing sugars and sucrose were 
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Table 1. Results of reciprocal grafts "between tall and 
normal soybean seedlings (I) 
Plant height (cm) 
at 21 and 30 days 
Number of after firaftlns 
Stock Scion grafts 21 30 
Super Tall — — 4 80.7 89.0 
Super Tall Super Tall 6 64.0 70.8 
Flambeau Super Tall 8 68.6 74.4 
Flambeau 3 27.5 32.5 
Flambeau Flambeau 3 22.0 24.3 
Altona — 4 38.1 40.2 
Altona Altona 4 37.2 42.1 
Chestnut Altona 21 38.1 44.3 
Chestnut Chestnut 3 22.0 24.0 
Altona Chestnut 15 20.1 22.6 
Super 'X'sll Chestnut 3 20.7 22.3 
not sigiificantly different. In contrast, the level of starch 
in the leaves was not significantly different, though the 
level of reducing sugar was highest in Super Tall (Figure 9). 
It appeared that the level of reducing sugars was higher in 
young stem and leaves than in old tissues, i.e., starch levels 
in Stem 2 and Leaf 2, which were associated with enhanced 
intemode elongation, appeared to be lower than Stem 1 and 
Leaf 1. The levels of sucrose and reducing sugars appeared to 
Table 2. Results of reciprocal grafts between tall and short soybean seedlings (li) 
Total 
height 
Lengths of first four intemodes (cm) 
Stock Scion Epicotyl 1 2 3 4 
Super Tall 86.3 11.5 4.2 4.8 6.2 14.2 
Super Tall Super Tall 89.7 10.5 3.4 3.1 5.1 18.5 
Flambeau Super Tall 87.2 12.1 3.0 3.2 9.1 17.5 
Chestnut Super Tall 99.3 11.6 3-7 3.6 6.9 14.4 
Flambeau — 58.3 11.9 3.6 3.1 3.8 6.1 
Flambeau Flambeau 46,7 9.3 3.6 2.7 3.0 7.2 
Super Tall Flambeau 48.5 9.6 3.4 2.3 3.0 6.8 
Chestnut — — 27.1 10.7 2.0 2.4 2.6 3.2 
Chestnut Chestnut 25.5 10.2 1.9 2.1 2.3 3.4 
Super Tall Chestnut 23.4 10.6 2.0 2.1 2.2 3.0 
IBD„ 
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Table 3. Carbohydrate levels^ in soybean stems 
Soybean 
type 
Position 
of stem Sucrose 
Reducing 
sugar Starch 
Stem 
length 
Flambeau 1 1.57 2.17 9.43 2.51 
Flambeau 2 0.94 5.21 7.74 3.15 
Super Tall 1 1.15 3.87 14.98 3.36 
Super Tall 2 1.37 6.64 12.01 10.26 
Shinsei 1 1.26 3.86 25.90 2.79 
Shinsei 2 1.20 5.98 15.35 3.96 
^°0.05 0.59 1.17 3.40 1.32 
^^0.01 0.79 1.54 4.47 1.73 
^Units are: sucrose, mg sucrose/g FW; reducing sugar, 
mg glucose/g FW; starch, mg stareh/g FW; stem length, cm. 
be higher in Stem 2 and Leaf 2 than in Stem 1 and Leaf 1. Hcvr-
ever, significant difference in sucrose content between young 
and old stems was not observed in Super Tall and Shinsei 
(Table 4). 
Invertase activity in Super Tall was lower than that in 
Shinsei, but there were no significant differences between 
Flambeau and Shinsei, nor between Flambeau and Super Tall 
(Tables 5 and 6). Invertase activity in young, long inter-
node (Stem 2) is significantly higher than that in old, short 
intemode (Stem 1), but the difference was not significant in 
leaves. It appeared, however, that invertase activity in 
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Table 4. Carbohydrate levels^ in soybean leaves 
Soybean 
type 
Position 
of leaf Sucrose 
Reducing 
sugar Starch 
Flambeau 1 1.52 5.99 30.91 
Flambeau 2 0.94 6,33 16.02 
Super Tall 1 1.21 7.26 24.31 
Super Tall 2 0.75 8.35 24.98 
Shinsei 1 1.16 6.27 32.93 
Shinsei 2 0.94 7.21 17.79 
°^0.05 0.31 0.78 5.97 
IS°0.01 0.41 1.02 7.85 
®TJnits are* sucrose, mg sucrose/g FW; reducing sugar, 
mg glucose/g îW; starch, mg starcVê fV. 
Super Tall was higher in Stem 1 than in Stem 2. In contrast, 
invertase activities in Flambeau and Shinsei were higher in 
Stem 2 than in Stem 1. 
Variations of alpha- and beta-amylase activities did not 
show any significantly different trends among the geno­
types. Although there were no sigiificant differences in the 
activities of alpha- and beta-amylase between the genotype, 
alpha- and beta-amylase appeared to be higher in Stem 1 than 
in Stem 2 in all the genotypes (Table 5). 
It appeared that alpha-amylase activities in Shinsei and 
Flambeau showed higher in Stem 2 than in Stem 1, but the 
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Table 5* Amylolytic and sucrose hydrolytic enzyme activities^ 
of soybean stems 
Soybean Position a- g- Stem 
type of stem Invertase amylase amylase length 
Flambeau 1 11.93 9.94 299.35 2.5 
Flambeau 2 40.68 12.71 308.59 3.1 
Super Tall 1 15.12 9.36 422.72 3.4 
Super Tall 2 26.85 8.85 249.00 11.3 
Shinsei 1 16.89 11.66 381.91 2.7 
Shinsei 2 40.90 16.48 338.93 3.8 
^°0.05 9.64 1.38 55.99 0.78 
^0.01 12.69 1.81 73.62 1.02 
Flambeau - 26.30 11.32 303.97 2.83 
Super Tall - 30.98 9.06 335.86 7.32 
Shinsei - 28.54 14.07 360.92 3.26 
6.58 3.28 56.32 0.62 
^°0.01 8.82 4.44 75.52 0.83 
®Units» invertase, mg glucose/g FW; a-amylase, mg 
maltose/g FW; g-amylase, units; stem length, cm. 
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Table 6, Amylolytic and sucrose hydrolytic enzyme activities^ 
of soybean leaves 
Soybean 
type 
Position 
of stem Invertase a-amylase P-amylase 
Flambeau 1 39.11 9.89 649.49 
Flambeau 2 48.19 6.99 525.89 
Super Tall 1 64.91 9.09 556.82 
Super Tall 2 53.54 7.69 504.59 
Shins ei 1 70.05 9.71 891.50 
Shinsei 2 81.07 6.37 487.57 
^°0.05 12.96 1.39 145.73 
17.04 1.83 195.41 
Flambeau - 43.65 8.84 586.79 
Super Tall - 59.23 8.80 530.71 
Shinsei - 75.56 8.04 689.53 
"^^0.05 10.61 1.73 167.80 
14.22 2.34 220.65 
^Unitsx invert as e, mg glucose/g FW/hr ; a-amylase, mg 
maltose/g PW/hr; P-amylase, units. 
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activity in Shinsei appeared to "be reverse. Beta-amylase 
activities in Super Tall and Shinsei appeared to be higher in 
Stem 1 than in Stem 2. On the other hand, alpha- and "beta-
amylase in leaf tissues showed higher activities in Stem 1 
than in Stem 2 in all the genotypes. 
Daylength Effect on Soybean Growth 
Soybean cultivar Amsoy was grown under 12- or 22-hr 
photoperiods and a drop of lO'^M, 10~%, 10~^M, or without 
GA^ solution was applied on the apex of the stem, at different 
ages, to study the effect of GA^ on stem growth and sensitivity 
of soybeans under short- and long-day conditions. Total plant 
heists and intemode lengths of plants grown under long-day 
condition were greater than soybeans grown under short-day 
condition (12 hr). Soybeans grown under 12-hr daylength were 
more sensitive to GA^ (Figure 10) than those grown under 22— 
hr daylength (Table 7). When a large dose of GA^ was used, 
the effect of GA on intemode elongation was greater in the 
plants which were treated with GA^ when they were young 
(Figure 11). The effect of plant age on the GA-mediated 
intemode elongation was not as gireat when low concentrations 
of GA^ were applied to the soybean apex. 
The morphology of soybean plants grown under 12-hr light 
was different from that grown under 22-hr light. Plants grown 
under 22-hr light had longer intemodes, thicker stems, and 
larger leaves with longer petioles and were a lighter green in 
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Figure 10. Total heights of soybean plants grown under (a) 12-hr and (b) 22-hr 
photoperiod 
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Table 7. Effect of GAo on intemode growth of plants grown 
under 12 and 22 hr photoperiod when they were 
treated at the plant ages of 14, 21, 28, 35 days old 
Day GA^ 
Plant Intemode length (cm) 
age 
length (M) (day) 1 2 3 4 5 
12 hr 0 14 7.33 3.08 2.00 2.75 3.67 
21 6.50 2.67 2.33 2.91 4.00 
28 6.42 3.00 2.58 2.75 4.17 
35 6.67 3.08 2.25 3.00 3.41 
22 hr 0 14 6.25 5.67 3.08 6.50 7.75 
21 6.83 3.33 4.75 6.75 9.67 
28 6.67 3.67 3.67 6.25 7.75 
35 7.58 3.00 4.83 6.50 10.25 
12 hr H
 
o
 1 
14 6.58 3.50 3.42 3.08 4.42 
21 6.50 3.00 2.25 3.16 4.17 
28 6.50 3.17 2.25 2.75 3.75 
35 7.08 3.17 2.67 2.75 5.00 
22 hr 10"^M 14 6.42 4.25 5.75 6.33 8.33 
21 6.67 5.42 5.00 6.83 11.17 
28 6.42 3.42 4.42 6.67 9.00 
35 6.50 3.25 3.25 5.83 8.33 
12 hr H
 
O
 1 
14 7.67 4.17 5.58 6.83 8.92 
21 6.50 3.58 3.00 6.33 8.42 
28 6.25 2.92 2.00 2.83 3.83 
1 o
 
H
 
35 6.92 2.83 2.08 3.00 4.92 
22 hr 
1 o
 
H
 14 7.83 7.17 7.50 13.75 14.50 
21 6.58 4.50 3.50 8.00 11.42 
28 7,00 3.50 5.58 6.83 10.33 
35 7.50 2.58 4.58 6.42 10.08 
12 hr H
 
O
 1 
14 9.58 11.83 13.83 14.75 12.92 
21 6. OS 3.00 3.75 8.00 11 = 50 
28 6! 57 3.08 2.58 3.67 5.50 
35 6.67 2.92 2.92 3.33 4.58 
22 hr io-\ 14 8.92 8.42 13.08 21.42 19.08 
21 6.50 3.58 5.75 12.58 17.42 
28 6.42 3.58 4.50 6.33 8.58 
35 6.67 4.08 4.67 6.67 10.08 
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Intemode length (cm) Total Number of 
6 7 8 9 10 height intemodes 
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color (Plate Z) than those grown under 12 hr light. Content 
of chlorophyll a and "b are shown in Table 8. 
Table 8. The concentration of chlorophyll a and b in the 
soybean plant (Amsoy) grown under 12- and 22-hr 
photoperiod 
Photoperiod Chlorophyll a Chlorophyll b 
(hr) (mg/g FW) (m^g FW) 
12 2.5 1.1 
22 1.3 0.6 
The concentrations of chlorophyll a and b were higher in 
the plants grown under 12 hr li^t than those grown under 
22 hr light (Table 8). 
Effect of Temperature on Shoot Growth 
The three soybean genotypes had taller shoots when grown 
at higher temperature than when grown at lower temperature 
(Figure 12). Super Tall intemode growth was similar to 
one of its parent cultivars, Shinsei, except that Super Tall 
had more intemodes and had longer young intemodes. Inter-
node growth pattern of Short Sister Selection was similar to 
that of Flambeau. 
Increasing GA^ concentration resulted in promotion of 
total shoot growth, especially of young intemodes (Figure 
_/L 
12). The concentration of 10 M of GA^ appeared to be the 
Plate 2. The leaves of soybean cultivar Amsoy grown under 
12- or 22-hr photoperiod 
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Figure 12. The effect of GA^ and AMO-1618 on the intemode growth of Super Tall 
(closed circle) and Short Sister Selection (open circle) when they 
were grown under high temperature (80/70°F) (solid line) and low 
temperature (70/60®F) (broken line) 
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saturation point of the effect of GA on soybean stem growth. 
The total shoot height of Super Tall and Short Sister Selection 
was greater at high temperature (80/70®F) than at low tempera­
ture (70/60°F)t but the enhancement of shoot growth by the 
application of exogenous GA was greater at the lower 
temperature (Figures 13 and 14). The stimulating effect of 
GA on plant growth in Short Sister Selection was as great as 
that in Super Tall (or greater than that in Super Tall, e.g., 
effects of 10"^M of GA^ at 80/70°F and 10~\ of GA^ at 70/60°F). 
The application of AMO-1618 inhibited the intemode growth 
of Super Tall and Short Sister Selection. When 700 ppm of 
AMO-1618 was applied to plants, the inhibition of intemode 
growth of Super Tall and Short Sister Selection was greater 
at high temperature (80/70° F) than at low temperature. The 
maximum intemode elongation occurred at intemode 4 or 5 of 
control plants and GA^-applied plants, but when 700 ppm cf 
AMO-1618 was applied to plants the maximum intemode elonga­
tion occurred at intemode 3. 
The fresh weights of soybeans were increased in the 
higher temperature (Table 9). It appeared that the higher 
concentration of GA^ decreased the fresh weights. The in­
hibitor of GA biosynthesis decreased the plant fresh weight 
as well as the total height of soybeans. 
After GA solutions were applied, subsequent intemode 
elongation of Super Tall and Short Sister Selection was 
monitored (Figures 15 and 16). Gibberellic acid application 
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Figure 13» Shoot growth after GA^ and AMO-I6I8 treatment at 
high temperature (80/70°?) 
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Figure 14. Shoot growth after GA^ and AMO-I6I8 treatment 
at low temperature (70/60®F) 
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Table 9- Average fresh weight of soybeans grown at high 
temperature (80/70°?) and low temperature (70/60°F) 
Average fresh weight (g) 
of plants grown at 
High temp Low temp 
Variety Treatment (80/70°F) (70/60°F) 
Flambeau Control 4.4 2.2 
Shinsei Control 6.7 3.9 
Super Tall Control 7.2 4.0 
Short^ Control 6.6 3.2 
Super Tall 10"'^M GA, 
J 
6.7 3.4 
Short 10"'^M GAj 5.4 4.1 
Super Tall 10"S GA^ 5.2 4.1 
Short 10"^M GA^ 5.3 3.3 
Super Tall 10"& GA^ 6.8 4.1 
Short 10"^ GA^ 5.7 3.3 
Super Tall 10"^^ dkj 5.5 3.8 
Short 10"\ GA^ 5.8 3.6 
Super Tall 10"& GAj 5.9 3.8 
Short 10"% GA^ 5.4 3.4 
Super Tall 350 ppm AMO-1618 6.0 3.1 
Short 350 ppm AMO-I6I8 4.7 2.6 
Super Tall 700 ppm ÂMO-I6I8 5.4 3.5 
Short 700 ppm AMO-I6I8 4.8 2.6 
^hort Sister Selection. 
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"brought about a more rapid expansion of intemodes, but the 
duration of expansion period was not affected. Daily expan­
sion of intemodes was greater at high temperature, but the 
percentage increase of control was about the same at both 
temperatures. GA^ application affected strongly the growth 
of the 5th and 6th intemodes, which were very young at the 
time of first GA^ application. 
Responses to Mixtures of Gibberellic Acid 
and Indole Acetic Acid 
The idea that GA might serve as a growth regulator 
specifically through a stimulation of auxin contents is 
suggested; if this is so, exogenous auxin would enhance GA-
stimulatory effect. This possibility was tested by treating 
soybeans with mixtures containing different amounts of auxin 
and gibberellin. The results are shown in Figure 17. 
The applications of lAA alone did not stimulate nor in­
hibit the growth of the plant. At the concentration of 
10~^ of GA^, the addition of lAk to GA^ solution resulted in 
an inhibitory effect. At the hi^ concentration of GA^ 
(1C"^M) the addition of lAA enhanced the GA-mediated stem 
elongation, but the application of the mixture of 10"\l of 
GA^ and lo"^ showed an inhibitory effect. 
T O O "  
80 
E  6 0  
t— 
M O L E S  O F  l A A  
Figure 17. The effect of mixtures containing different con­
centrations of lAA and GA^ on the total heights 
of Amsoy 2 weeks after first treatment 
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Extraction of Abscisic Acid (ABA) 
Inhibitory activity was found in the chromatograms of 
gibberellin extract, and the region where the strongest in­
hibition occurred was taken and identified as the area of ABA 
activity (Figure 6). In the process of gibberellin extraction, 
inhibitors were removed by thin layer chromatography (TLC). 
The regions of 0.6-0.8 on the TLC plates were collected 
and extracted with 80^ ethanol. After drying by forced air, 
the residues were dissolved with distilled water and assayed 
for ABA activity by wheat coleoptile growth in the dark. The 
inhibition of coleoptile growth corresponded to the activity 
of 50 mg ABA/1 and 5 mg ABA/1 for 1/100 of Flambeau and 
Super Tall chromatogram eluent, respectively (Table 10). 
ABA was extracted directly from fresh Super Tall, Flam­
beau, and Shinsei plants, and the activity was assayed by the 
wheat coleoptile bioassay. Flambeau showed the highest level. 
Super Tall had the lowest level of ABA (Figure 18). 
Intemodes of soybean plants grown outside of the green­
house were shorter than those grown inside of the greenhouse 
70 
< 
O 
160 
140-
120 -
100 
80 
60 
40 
20-1 
I 1 
t  •  
c o n t r o l  
I 
M 
I 
i' ! 
I 1 
I I 
4 
-ABA-
.2 .6 . 8  1.0 
R r  
Figure 18. The inhibitory effect of ABA extracts from 
Flambeau (**'"), Super Tall ( ), and 
Shinsei ( ) on oat coleoptile growth 
71 
Table 10. The inhibition on oat coleoptile growth by the 
eluent of inhibitor zone of GA chromato grains 
(unit: #) 
Chromatogram 
eluent of 
ABA standard Super 
Tall Control 5 mg/1 50 TS^g/1 500 mg/1 Flambeau 
100 95.2 91.8 70.5 93.6 81.3 
Table 11. Average 
Shinsei 
stem lengths 
grown inside 
of Flambeau, Super Tall, and 
or outside of greenhouse 
Intemode length of plant grown 
Variety 
Position 
of stem 
Inside of 
greenhouse 
Outside of 
greenhouse 
Flambeau 1 2.68 2.67 
Flambeau 2 4.35 2.68 
Super Tall 1 3.80 3.37 
Super Tall 2 14.92 8.71 
Shinsei 1 4.50 3.61 
Shinsei 2 3.80 3.37 
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DISCUSSION 
Gibberellin-like activity in Super Tall was greater than 
that in Flambeau in neutral ethyl acetate fractions and the 
activity in other fractions was not appreciably different 
(Figure 6). Rice seedling growth was very strongly inhibited 
in the region with 0.7 of the neutral ethyl acetate fraction. 
This inhibitor was identified as ABA. This suggests that the 
enhanced growth of Super Tall may not be due solely to the 
effect of high levels of GA but also to the effect of lower 
levels of ABA. This possibility will be discussed later. 
Althou^ the differences of inhibitor level between the 
tall and short plants have not been reported in the literature, 
the differences in gibberellin-like activities between tall and 
short plants have been reported. Ogawa (1962) with morning 
glory. Goto and Esashi (1975) with beans, and Risch (I976) 
with potatoes, reported that tall plants contain a greater 
amount of gibberellin-like substances than do dwarf plants. 
On the other hand, Radley (1970) has found that dwarf 
wheat cultivars contain a greater amount of GA, and suggested 
that the dwarfism came from a block in the utilization of 
gibberellin in the dwarf shoot. Jones (1968) failed to obtain 
differences in GA-like substance level between tall and dwarf 
peas. I would suggest that these reports of negative results 
are not complete unless concentration of inhibitor (or 
antagonists to GA) also is checked. Gibberellin-like activity 
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seems to increase around the time of flower formation (Figure 
8), In this experiment, inhibitors were not removed from the 
gibberellin fraction and the inhibitory effects were shown by 
most fractions of the chromatogram. Removal of inhibitor was 
definitely needed for further study. When flower buds were 
visible, a new gibberellin activity peak, which is different 
from the GA^ region, was observed (Figure 8), Qualitative 
and quantitative differences in plant response specificities 
to the gibberellins were reported (Halevy and G at hey, I96O; 
Hashimoto and Yamaki, I96O; Wittwer and Bukovac, I962). 
Application of GA^ causes flower formation in many long-
day plants or significantly promotes the process under 
strictly noninductive conditions (Lang, 1965; Evans, 197I). 
In several long-day plants, it has been found that the con­
tent of endogenous gibberellin-like substances was markedly 
increased when the plants change from vegetative growth to 
flower formation (Lang, I965). Zeevaart and Lang (1962) pro­
posed, from precise grafting studies with photo-induced and 
GA-induced Bryophyllum plants, that gibberellin could be the 
precursor of florigen. It was shown that plants of Brvophyllum 
daigremontianuffi. which had been induced to form flowers by GA 
treatment in short-day conditions, when used as donors in 
grafts were equally able to cause flower formation in non-
induced receptors when these latter were maintained on short 
or long days. Since application of GA on noninduced 
Bryophyllum did not induce flower formation of this plant 
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kept on long days, it appears that application of GA induced 
a transmittable material. This material was suggested as 
florigen. They also drew attention to the fact that the 
transfer of plants from long-day to short-day condition re­
sulted in morphological changes, with a considerable increase 
in the elongation of the younger intemodes, and these effects 
are quite similar to responses from applied gibberellin. I 
observed similar morphological changes in photo-induced soybean 
plants. Probably, photo-induction results in an increase in 
gibberellin content in soybeans, thereby the intemode elonga­
tion is enhanced. But the increase in gibberellin-like 
activity is not necessarily due to the GA^. Indeed, applica­
tion of GA^ generally fails to cause flower formation and 
promotion of this process in short-day plants under noninduc-
tive conditions except for Impatiens balsamina, Chrysanthemum 
morifolium. and Zinnia elegans. Jacq (Nanda et al., 196?; 
Pharis, 1972; Sawhney and Sawhney, 1976). This suggests that 
some other gibberellins are involved in the flower formation 
of short-day plants, if there is any involvement of gibberel­
lin in the flower formation of short-day plants. However, 
the enhanced intemode elongation in Super Tall is different 
from that in other daylength-sensitive soybeans. The inter-
node elongation of Super Tall rather closely resembles the 
intemode elongation in soybeans treated with GA^, which show 
slender and long intemodes with smaller leaves. Especially 
when the temperature is high, the stem elongation of Super 
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source of gifberellin. Crozier and Reid (1971) showed that 
roots provide gibberellins to the top. They reported that 
repeated removal of the roots of bean plants leads to in­
creased dwarfing characteristics. In the absence of roots, 
there was marked depletion of GA^ content and a marked rise 
in a related compound GA^^, which they believe to be a pre­
cursor of GA^. They suggested that GA^^ is ordinarily 
translocated to the root and there converted into GA^ in the 
intact plant. They emphasized that the shoot is the primary 
site of GA biosynthesis and the root is merely the site of 
GA interconversion. 
If Carr et al. (1964) are right, then the.shoot growth of 
grafts should be controlled by the genotype of root stock. 
Even if Crozier and Reid*s (1971) recirculation of GA's from 
shoot -*• root shoot hypothesis is right, the root stock of 
grafts should affect the growth of the shoot, but this was 
not the case in this grafting experiment. Each shoot ap­
parently has its own specific mechanism to control the shoot 
growth. 
Three loci controlling the stem growth of peas have been 
identified (de Haan, 1927; Rasmusson, 1927). McComb and 
McComb (1970) made reciprocal grafts between pea plants of 
the tall cultivar 'Alaska* and the 'Short Progress No. 9* and 
showed that neither roots nor mature leaf determine shoot 
phenotype. It was demonstrated that the differences in stem 
growth between the two cultivars are essentially controlled 
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"by a single Mendelian factor in the shoot, and the effect of 
this locus is not graft transmittable. 
Stem elongation is an active metabolic process accom­
panied by increased respiration and biosynthetic processes. 
This metabolic process may be correlated with the extent of 
mobilization of reserve food, mainly starch in plant tissue, 
and the increase of soluble carbohydrate; thereby soluble 
carbohydrates may serve as respiratory substrates and as 
skeletons for further synthetic processes such as cell wall 
synthesis. 
It was speculated that intemodes showing enhanced 
elongation would have higher amylolytic- and sucrose-
hydrolytic enzyme activity, and soluble carbohydrates, and 
lower starch content than intemodes showing no enhanced 
growth. The data shown in Figure 9, Tables 5 and 6, did not 
support this speculation. Invertase and amylolytic enzyme 
activities were not highest in Shinsei. Reducing sugars are 
higher in Super Tall leaves (maybe also in stem too), but 
starch level was lowest in Flambeau which showed the least 
stem elongation. This may indicate that the sugar levels and 
hydrolytic enzyme activities are not the parameters controlling 
stem elongation, but rather intrinsic characteristics of the 
genotypes, or that improper selections of stem and leaf 
tissues were taken for this study, i.e., intemodes other 
than those used or very young intemodes having very active 
growing process should have been selected for this study. 
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Another possible explanation for this may be the differences 
in the growing habits. Super Tall intemodes develop more 
rapidly and grow faster than the others (Plate 1). At the 
early stage of growth, Super Tall reaches maximum intemode 
elongation earlier than do its parents; Super Tall intemode 
differentiation is ahead of its parents (at least one inter-
node ahead). Therefore, growth stage of Stem 2 and Leaf 2 
of Super Tall may not bf the same phenological stage as 
that in Stem 2 and Leaf 2 of its parents. 
However, the hypothesis should hold in the comparison of 
sugars and amylolytic and sucrose hydrolytic enzyme activities 
between short and long intemodes of the same plant. Starch 
levels in Stem 2 and Leaf 2, which were associated with 
enhanced intemode elongation, appeared to be lower than in 
Stem 1 and Leaf 1. The levels of sucrose and reducing sugars 
appeared tc be higher in Stem 2 and Leaf 2 than in Stem 1 and 
Leaf 1. It has been found previously that GA^ caused in­
creases in length of intemodes and soluble carbohydrates in 
the leaves of wheat (Brian et al,, 195^). Manda and Dhindsa 
(1968) reported that those intemodes with maximum elongation 
induced by GA^ application showed maximum starch hydrolytic 
activity and the least starch content. The levels of reducing 
sugars in long intemodes (Stem 2) were higher than in Stem 1. 
The level of reducing sugar in the leaves (Leaf 2) attached on 
the intemodes of Stem 2 also were higher than in Leaf 1. This 
may be the result of an increased invertase activity in those 
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tissues (Tables 5 and 6). Probably the higher level of 
invertase supplied more reducing sugar in this area, and 
thereby these reducing sugars served as respiratory sub­
strates , providing increased metabolic energy and raw 
materials for further synthetic process in this area. 
The sucrose levels in short intemode tissues appeared 
to be higher than that in tissues having long intemodes, 
though there were no significant differences in sucrose levels 
between Stem 1 and Stem 2 in Shinsei and Super Tall. Sucrose 
is known as the major translocating sugar in soybeans (Vernon 
and Aronoff, 1952; Burley, I96I). In old leaves, photosyn-
thates must be converted to sucrose for transport to the 
area where the active growing process takes place. In young 
leaves, photosynthates appear to be converted to sucrose to 
a lesser extent and remain as reducing sugars to supply energy 
and building blocks for growth of that young leaf. Reducing 
sugars converted into sucrose may be transported rapidly to 
other growing regions. There were no significant differences 
in sucrose contents between Stem 1 and Stem 2 of Super Tall and 
Shinsei (sucrose content in Stem 2 of Super Tall may be a 
little higher than that in Stem 1). The insignificant dif­
ferences in Stem 1 and Stem 2 may be the result of continuous 
transportation of sucrose from a lower part and adjacent 
leaves. Statistically, there were no differences in sucrose 
content in the tissues of Stem 1 or Stem 2 of the three 
genotypes; however, it appeared that sucrose content of 
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Super Tall in Stem 1 was lower and that in Stem 2 was higher 
than its parent cultivars Shinsei and Flambeau. If this is 
true, then the upward transporation of sugars from old 
tissues (source) to young tissue (sink) may be faster in 
Super Tall, thereby an enhanced intemode growth takes place. 
This increased upward translocation could be a GA-mediated 
process as others suggested (Alvim, I960; Monselise and Halevy, 
1962). However, the result of amylolytic enzyme assay did not 
satisfactorily explain the enhanced shoot growth of Super Tall. 
If the amylolytic activity of total plant tissues was studied, 
then the results might give some explanation of the enhanced 
shoot growth of Super Tall. 
Jones and Phillips (I966) showed that the amount of 
diffusible GA in sunflower stem increased with greater proximi­
ty to the stem apex, and Smith and Rappaport (I96I) showed 
increase of intemode growth of dwarf com d-5 by application 
of GA to the first leaf ligule. Stem 2 might contain a higher 
level of GA than did Stem 1, thereby increasing reducing sugar 
and sugar hydrolyzing enzymes to promote enhanced elongation. 
There have been reports that applications of exogenous 
GA^ brings about enhanced growth of shoot accompanied by 
increases in amylolytic and sucrose hydrolytic enzyme activi­
ties and metabolic changes of carbohydrates (Edelman and 
Hall, 1964; Kaufman et al., I968; Nanda and Dhindsa, I968; 
Carter etal., 1973)» In order to study the mechanism of en­
hanced growth of shoot by GA treatment and differences in the 
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sensitivity to the application of exogenous GA, 10~^M of 
GA^ solution was applied on the apex of soybeans and about 
10 days after GA^ application levels of sucrose, reducing 
sugars, starch content, and invertase, a-amylase, g-amylase 
activities were measured. However, the treatment failed to 
show any significant changes in the levels of sugar contents 
and enzyme activities among the cultivars, except that in-
vertase activity was increased by GA^ treatment. This also 
indicates that the wrong tissue was used. 
Photoperiod is an important factor affecting GA metabolism 
in plant tissue, Cleland and Zeevaart (1970) found that an 
exposure of Silene armeria to 4-6 long days resulted in a ten­
fold increase in the diffusible GAs, Stoddart (1966) also 
confirmed an increase in the extractable GAs following an 
exposure to long photoperiods. On the other hand, Zeevaart 
(1962) showed that there were no significant changes in 
endogenous GA levels in spinach following an exposure to long 
days which induce an enhanced elongation of petiole. He 
concluded that spinach grown under long days has a higher 
rate of turnover and higher sensitivity to GAs when compared 
with plants grown under sho/t days. This combined effect 
brought about the petiole growth. 
According to Bostrack and Struckmeyer (1964), an applica­
tion of exogenous GA resulted in an increase in intemode 
growth, reduction in size of the leaflets and stem diameter. 
Similar effects were observed in citrus seedlings by Monselise 
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and Halevy (I962). They also observed a decrease in 
chlorophyll content after GA treatment. 
Plant heights and morphologies of soybean plants grown 
under 12-hr and 22-hr photoperiod were observed. Plants 
grown under 22-hr photoperiod had taller shoots (Table 7), 
thicker and longer stems, larger and pale green leaves with 
longer petioles (Plate 1) than those grown under 12-hr 
photoperiod. The plants without GA treatment under 22-hr 
photoperiod showed an enhanced shoot growth and increased 
intemode numbers. This was similar to those treated with 
GA^ under 12-hr photoperiod, but the leaf and shoot morphology 
of the two types were different; i.e., those treated with GA^ 
had thinner stems and petioles, and smaller leaves with dark 
green color than the others did. 
Monselise and Halevy (I962) found that chlorophyll con­
tent of leaves was decreased by increasing GA concentrations 
and the decrease was not due to "dilution" over a larger area 
of leaves. In fact, the average area of the leaves was much 
decreased. Wolf and Haber (I96O) reported that the chloro­
phyll content of gibberellin-treated wheat seedlings was 
lower than that of control seedlings. They explained the 
reason of decrease in chlorophyll content in GA-treated seed­
lings by "dilution" of the same amount of chlorophyll over the 
area of larger leaf, as chlorophyll synthesis would not be 
able to keep pace with excessive laminal growth. However, in 
my experiment, the decrease in chlorophyll content of plants 
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grown under 22-hr photoperiod appeared to result from dilution 
of chlorophyll over a larger area of leaves. 
Plants grown under longer photoperiod resulted in an in­
crease in total shoot growth and intemode numbers. The 
effect of the applications of GA resulted in an increase in 
intemode growth and intemode numbers, but the sensitivity to 
the applications of exogenous GA^ was higher in plants grown 
under short photoperiod (12 hr) than those grown under 22-hr 
photoperiod. However, it is hard to distinguish that the 
decrease of sensitivity was the result of a decrease of sensi­
tivity itself, or the increase in GA concentration in the 
plants under 22-hr photoperiod, and thereby having enhanced 
elongation but with decreased sensitivity to exogenous GA 
application. Measurement of endogenous GA would be necessary 
to explain this problem. 
Pckhriyal et al. (19?6) reported that with increase in 
the number of inductive cycles the gibberellin-like substances 
of soybeans decreased progressively and markedly. This might 
give some explanation about the promoted shoot growth on 22-hr 
photoperiod. Probably under 22-hr photoperiod plants continued 
to produce enough GA to support strong vegetative growth; on 
the other hand, under 12-hr photoperiod Amsoy plants are 
photo-induced and cut down the synthesis of gibberellin. 
The effect of plant age on GA-mediated intemode elonga­
tion was greater when plants were treated with high concentra­
tion of GA^ than when they were treated with low concentration 
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of GA^ (Table 7). It seems that there are some time factors 
controlling the maturity of cells in each intemode. There­
fore, if GA is applied to a soybean plant, the older inter-
node which reached its maturity would not respond much to 
exogenous GA treatment, but the young intemode would readily 
respond to exogenous GA treatment. It seems that if soybeans 
are treated with large doses of GA when they are young, the 
younger intemodes, at the time of treatment, expand over the 
predetermined length by expanding prematurely. The maturity 
factor in old nodes prevented enhancement of growth by the 
application of exogenous GA. Similar observation and inter­
pretation was reported by McComb in Callitriche shoot elonga­
tion (1965). 
Alvim (i960) has shown an increased net assimilation 
rate (NAR) after GA^ treatment in beans due to rapid removal 
of photosynthates from the leaves* lûcnselxse and Halevy 
(1962) and Halevy et al. (1964) suggested the same hypothesis. 
It may be possible that extended photoperiod increases the 
level of GA, thereby increasing NAR as Alvim (I96O), and as 
Monselise and Halevy (I962) suggested, or changing carbohy­
drate metabolism, as Nanda and Dhindsa (I968) and Carter et 
al. (1973) suggested. However, light affects the production 
and metabolism of other plant hormones; therefore, endogenous 
levels of other plant hormones are urgently needed to under­
stand the effect of expanded photoperiod on soybean stem 
growth. 
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In the Temperature Experiment, temperature treatments 
were not replicated, hence the comparison of temperature 
effect is not valid. Comparisons are possible, however, of 
the interactions temperature x variety and temperature x GA^ 
treatment (Snedecor and Cochran, 1967)* It is obvious that the 
plants grown at high temperature (80/70°F) were taller than 
those grown at the low temperature (70/60°P). McLean (1917) 
observed positive correlation between plant heights and in­
creasing temperature. Hofstra (1972) reported that maximum 
leaf area occurred at 27-30®C, whereas maximum dry matter 
accumulation and stem elongation occurred at 36°C. 
The fresh weights of plants grown in high temperature and 
plants grown in low temperature were measured for reference. 
The result was not analyzed statistically, because the aver­
age of fresh weight was not obtained from the average of 
individual plant weights, but was obtained by measuring weight 
of six plants in one treatment at once and dividing by the 
number of plants in the treatment. It appeared that fresh 
weight of plants grown at high temperature increased 35 to 100# 
more than that of plants grown at low temperature (Table 9). 
Gibberellins simulate the effect of high temperature in 
several plants (Aung et al., I969; Junttlla, 1970; Carter 
et al., 1973). It has been shown that the effect of applica­
tion of exogenous GA is less with increasing temperature; and 
increasing temperature alone could simulate the effect of GA 
on intemode elongation (Junttila, 1970). Abdella and Verkerk 
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(1970) also reported that response of tomato plants to appli­
cation of inhibitors was less at higher temperature than at 
lower temperature. It appeared that the effect of GA^ on the 
stem elongation was less in high temperature (Figure 12). 
This suggests that there were higher concentrations of GA in 
high temperature than in low temperature. 
Growth in plants is related to dry matter accumulation, 
which can be limited by the amount of carbon assimilated in 
photosynthesis. There have been reports that photosynthesis 
in GA-treated plants increased by increasing LAR (leaf area 
ratio) or NAR, or the rapid removal of photosynthates from 
the source (Haber and Tolbert, 1957; Alvim, I96O; Hayashi, 
I96I; Monselise and Halevy, I962). It may be possible that 
at high temperature either the level of GA or the sensitivity 
to GA increases, thereby increasing photosynthesis and ac­
cumulating dry matter; and promoting stem growth. However, 
increase of temperature would affect the metabolism of other 
plant hormones, therefore, study of other plant hormones 
along with GA is necessary to understand the mode of tempera­
ture effect on plant stem growth. 
The application of GA^ brought about the rapid expansion 
of intemodes, but the duration of expansion period was not 
affected. The effect of GA^ was greatest on the intemodes 
which were very young at the time of application. The growth 
of Super Tall intemodes was similar to that of GA^-treated 
soybeans. More rapid elongation of intemodes occurred In 
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Super Tall than in parent cultivars (Plate 1); especially when 
the temperature was high the intemode elongation was 
dramatic. But the duration of expansion period seemed about 
the same. 
The inhibition of GA biosynthesis AMO-I6I8 on the growth 
of Super Tall and Short Sister Selection was greater at higher 
temperature than at lower temperature. Also, the effect of 
application of exogenous GA^ was greater in lower temperature 
than in higher temperature. This suggests that, at higher 
temperature, plants produce more GA than they do at lower 
temperature. 
The effects of the application of exogenous GA^ were 
greater in Short Sister Selection than in Super Tall. Also the 
growth of Super Tall was inhibited by AMO-I6I8 to a greater 
degree than was Short Sister Selection. Even the result 
of ÂMÛ-I6I0 treatment at lower temperature did net shcv; this 
trend significantly; it seems that Super Tall contains higher 
level of endogenous gibberellin. 
Photoperiod Experiment does not give any direct informa­
tion about the growth of Super Tall internode. Temperature 
Experiment gives some circumstantial evidence that Super Tall 
contains higher level of endogenous gibberellin. However, 
the effect of photoperiod and temperature may be the result of 
simple changes in GA level, but, on the other hand, it may be 
due to rather complicated changes in balance of other plant 
hormones and metabolic processes. 
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It has "been known that the regulation of stem growth 
exclusively depends on naturally occurring gibberellins 
(Phinney, 1956a; Lang, 1970). However, there have been sug­
gestions that auxin is an important regulator of stem elonga­
tion, and the GA-mediated stem elongation is caused by in­
creased auxin production, or decreased destruction of auxin 
after GA treatment (Gunckel and Thimann, 19^9; Konishi, 1954; 
Kefford and Goldacre, I96I; and Kuraishi and Muir, 1964). 
Gunckel and Thimann (1949) found higher auxin levels in long 
shoots than short shoots of Ginkgo. and van Overbeek (1938) 
reported that auxin levels in dwarf maize are considerably 
lower than in normal plants, van Overbeek found significantly 
higher auxin-inactivating systems in dwarf plants and proposed 
that the action of auxin-inactivating systems brought about the 
low levels of auxin in dwarf com. Pilet (1957) reported 
that gibberellin suppresses the activity of lAA oxidase, but 
Kato and Katsumi (1959) could not find such suppression. 
In order to find out the possible involvement of auxin in 
stem elongation of Super Tall, 10"^, 10 10 ^ , and 10 of 
lAA and the mixture of lAA with 10~^, 10~^M of GA^ were applied 
on the apex of short parent cultivair Flambeau. The applica­
tions of lAA alone did not show any promoting or inhibiting 
effect on stem growth (Figure 17). Jacobs (1951) found that 
a wide range of lAA concentration inhibits elongation of the 
hypogeal zone of the gynophore of the peanut. McComb (1965) 
observed that treatment of lAA alone, or a mixture of lAA and 
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GA, showed an inhibitory effect and this was exerted upon 
intemodes which were about to expand at the time of treatment. 
The addition of lAA to 10"% GA^ resulted in an inhibitory 
effect on the effect of GA^. But an increased amount of GA 
(10~^M) in lAA solutions brought about a stimulatory effect, 
with the exception of tne inhibitory effect of a mixture of 
10~^M of GA and 10~% of lAA (Figure 17). These data indicate 
that an application of exogenous lAA alone did not enhance 
stem elongation. The fact that additional applications of 
exogenous lAA to short parent cultivar Flambeau did not enhance 
stem elongation, and that mixtures of 10"% GA^ and lAA de­
creased the GA effect on stem growth, suggest that GA-mediated 
promotion of stem growth is not simply the result of an in­
crease of the physiological level of auxin. Therefore, the 
enhanced stem elongation of Super Tall may not be the result 
cf an auxin-mediated process. 
However, at high concentration of GA^ (10~^M) the addi­
tion of lAA enforced the stimulatory effect of GA on stem 
growth, though it showed an inhibitory effect at high con­
centration of lAA. It appears that some IAA-mediated process 
must be necessary in order to obtain the maximum effect of GA 
on stem elongation. 
There has been some report that kinetin inhibits stem 
elongation and promotes transverse growth (Skinner and Shive, 
1955; Wittwer and Deloph, 1963; Galston et al., 1953)- But 
in preliminary experiment, application of 10"% of kinetin did 
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not affect stem elongation at all. This suggests that kinetin 
may not be involved in stem elongation of Super Tall. 
The inhibitor level of Super Tall was lower than that of 
either parent, Flambeau or Shinsei (Figure 6), ABA is known 
as a plant hormone counteractive to GA responses (Addicott and 
Lyon, 1969; Nadeau and Rappaport, 1972). Wareing and Saunders 
(1971) suggested that stem growth is not only controlled by 
the plant growth stimulators but also by natural inhibitors. 
Studies on the mechanism of ABA counteraction of the re­
sponses of GA suggested that the ABA counteraction to GA re­
sponse is an important role of ABA in moderating supplies of 
GAs in tissues via its effects on GA uptake and metabolism 
(Wareing et al., I968; Nadeau and Rappaport, 1972; Nadeau et 
al., 1972). The bioassays of GA (Figure 5) and ABA (Figure 
16) suggest a similar role in stem growth of soybeans. 
The increased level of ABA in Flambeau.decreased the 
level of GA activity and thereby decreased stem growth in 
Flambeau. The enhanced stem elongation of Super Tall is the 
result of the reverse case of Flambeau. 
The typical elongations of Stem interne de may also be the 
result of independent roles of GA and ABA on stem growth. The 
synthesis or activity of some enzymes are influenced by ABA 
(Addicott and Lyon, 1969). Some reports have shown that ABA 
inhibits synthesis of nucleic acid or protein, or both (van 
Overbeek et al., I968; Shih and Rappaport, I97O), and reduces 
respiration (Kull and Hoffmann, 1975)• 
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Moreover, Leopold (1971) suggested that ABA may not be a 
real GA antagonist, because its inhibitory effects apply 
equally well to growth stimulations by auxin, ^bberellin or 
cytokinin. 
The level of ABA in plants under adverse conditions is 
higher than that under favorable conditions, e.g., water stress 
(Milborrow and Noddle, 1970; Mizrahi et al., 1971), low tem­
perature (Raschke et al., 1976), mineral deprivation (Boussiba 
et al., 1975). When Super Tall soybeans were grown outside of 
the greenhouse, the enhanced growth of their intemodes was 
lessened (Table 11). Even though the specific data are not 
given in this paper, the intemode lengths of Super Tall soy­
beans were reduced by low temperature and water stress in some 
preliminary or uncontrolled experiments. 
Probably, in adverse conditions, the levels of ABA are 
increased, plant heights are decreased "by decreasing internode 
length and intemode number, and thereby metabolites and 
energ}' are saved, helping to protect plants from hazard. 
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SUMMARY AND CONCLUSIONS 
Super Tall contained a higher level of gibberellin-like 
substances and a lower level of inhibitors than did its short 
parent cultivar, Flambeau. Gibberellin-like activity in apical 
buds was highest when flower buds were visible. Grafting 
study with various combinations of root stocks and scions 
demonstrated that the stem phenotype of soybeans was controlled 
by the shoot. 
It appeared that internodes showing enhanced elongation 
had higher sucrose hydrolytic enzyme activity and soluble car­
bohydrates and lower starch content than did internodes show­
ing no enhanced growth. However, amylolytic enzyme (alpha-
and beta-amylase) activities did not show any typical trends, 
which may be the result of improper node selection of the stem 
tissues. Although it was not statistically significant, it 
appeared that sucrose content of Stem 1 was lower and Stem 2 
was higher for Super Tall than for its parent cultivars Shinsei 
and Flambeau. This could be the result of rapid upward trans­
portation of sugar from old tissue (source) to young tissue 
(sink) of Super Tall: The application of GA^ failed to effect 
any significant changes in levels of carbohydrates and enzyme 
activities among the genotypes, except that invertase activity 
was increased by GA^ treatment. Again, this may be the result 
of improper selection of tissues examined. 
Environmental variables, photoperiod and temperature. 
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affected responsiveness of soybean to exogenous GA^ treatment. 
Extended photoperiod enhanced shoot growth of soy"beans. The 
stimulatory effect of GA^ was much lower under longer photo-
period (22 hr) than under short photoperiod (12 hr). An in­
creased production or turnover of GA would "bring about this 
result; however, it was hard to decide which was the case, 
because the levels of endogenous GA were not studied. Since 
neither Super Tall nor its parent cultivars were studied in 
the experiment with environmental variables, it was impossible 
to relate the effect of photoperiod to the stem growth of 
Super Tall. Exogenous GA^ was more effective when plants 
were treated with GA^ at early stages of plant development. 
Elevated temperature enhanced the shoot growth and in­
creased fresh weight of soybeans. Application of exogenous 
GA^ was less effective at higher temperature than at lower 
temperature. The inhibitory effect of AiîC-l6l8 en stem elonga­
tion was more apparent at higher temperature (80/70°F) than at 
lower temperature (70/60°F). This suggests that the endogenous 
level of GA was hi^er at higher temperature than at lower 
temperature. The stimulatory effect of GA^ on stem growth of 
soybeans was much greater in Short Sister Selection than in 
Super Tall, and the inhibitory effect of AMO-I6I8 on the soy­
bean growth was more distinctive in Super Tall than in Short 
Sister Selection. This may be interpreted as the result of 
the higher level of endogenous gibberellin in Super Tall than 
in Short Sister Selection. 
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The concentration of ABA was highest in Flambeau, lowest 
in Super Tall, and medium in Shinsei. This was the reverse of 
their stem growth. In conclusion, it appeared that the en­
hanced intemode elongation of Super Tall is the result of a 
higher level of endogenous GA^ and a lower level of ABA than 
in the parents. 
95 
LITERATURE CITED 
Abdella, A. ko and K. Verkerk. 1970. Growth, flowering, and 
fruiting in tomatoes in relation to temperature, cycocel, 
and GA. Neth. J. Agr. Sci. 18; 105-110. 
Addicott, F. T. and R. S. Lyon. 1969. Physiology of abscisic 
acid and related substances. Ann. Rev. Plant Physiol. 
20» 139-164. 
Alvim, P. To i960. Net assimilation rate and growth behavior 
of beans as affected by gibberellic acid, urea and sugar 
sprays. Plant Physiol. 35» 285-288, 
Aung, L. H., A. A. de Hertogh, and C. Staby. I969. Tempera­
ture regulation of endogenous gibberellin activity and 
development of Tulipa gesneriana L. Plant Physiol. 44: 
403-406. 
Bailiss, K. ¥. 1974. The relationship of gibberellin content 
to cucumber mosaic virus infection of cucumber. Physiol. 
Plant Path. 4» 73-79. 
Barendse, G.W.M. and G. J. de Klerk. 1975» The metabolism of 
applied gibberellic acid in Pharbitis nil 0horsy: Tenta­
tive identification of its sole metabolite as gibberellic 
acid glucoside and some of its properties. Planta 126: 
25-33. 
Barendse, G.W.M. and A. Lang. 1972. Comparison of endogenous 
gibberellins and of the fate of applied radioactive gib­
berellin Ai in a normal and a dwarf strain of Japanese 
Morning Glory. Plant Physiol. 49* 836-841. 
Barnes, M. F. and E. N. Light. 1969• Occurrence of abscisic 
acid in the gibberellin-inhibitor from lima beans. Planta 
89: 303-308. 
Borthwick, H. A. and M. W. Parker. 1939• Influence of photo-
periods on the differentiation of meristems and blossoming 
in Biloxi soybeans. Bot. Gaz. 99: 825-839. 
Bostrack, J. M. and B. E. Struckmeyer. 1964. Effect of gib­
berellic acid on the anatomy of soybeans (Glycine max). 
Amer. J. Bot. 5I: 6II-617. 
Boussiba, S., A. Rikin and A. E. Richmond. 1975* The role of 
abscisic acid in cross-adaptation of tobacco plants. 
Plant Physiol. 56: 337-339-
96 
Brian, P. W., G. W. Elson, H. G. Hemming, and M. Radley. 19^. 
The plant growth promoting properties of gibberellic acid, 
a metabolic product of the fungus Gibberella funikuroi. 
J. Soi. Food Agr. 195^» 602-613. 
Brown, D. M. I960. Soybean ecology* I. Development-tempera­
ture relationships from controlled environment studies. 
Agron. J. 52: ^93-^96. 
Brown, D. M. and L. J. Chapman. I960. Soybean ecology. II. 
Development-temperature relationships from controlled 
environment studies. Agron. J. 52: 496-499. 
Bruinsma, J. I963. The quantitative analysis of chlorophyll 
a and b in plant extracts. Phytochem. and Phytobiol. 2: 
241-249. 
Burley, J. I96I. Carbohydrate translocation in raspberry and 
soybean. Plant Physiol. 36: 820-824. 
Carr, D. J. and D. M. Reid. I968. The physiological signifi­
cance of the synthesis of hormones in roots and of their 
export to the shoot system, p. II69-II85. In P. Wightman 
and G. Setterfield (ed.) Biochemistry and physiology of 
plant growth substances. Rungo Press, Ottawa. 
Carr, D. J., D. M. Reid, and K.G.M. Skene. 1964. The supply 
of gibberellins from root to the shoot. Planta 63: 382-
392. 
Carter, J. L. , L. A. Garrard, and S. H. West. 1973» Effect 
of gibberellic acid on starch degrading enzymes in leaves 
of Pi^taria decumbens. Phytochemistry 12: 251-254; 
Chailakhyan, M. K. and V. N. Lozhnikova. 1962. Gibberellin-
like substances and vernalization of plants. Soviet 
Plant Physiol. 9% 15-22. 
Chrispeels, M. J. and J. E. Vamer. I966. Inhibition of gib­
berellic acid induced formation of amylase by abscisin. 
II. Nature 212: 1066-106?. 
Chrispeels, M. J. and J. E. Vamer. 1967. Hormonal control 
of enzyme synthesis on the mode of action of gibberellic 
acid and abscisin in aleurone layers of barley. Plant 
Physiol. 42: 1008-1016. 
Cleland, C. F. and J.A.D. Zeevaart. 1970* Gibberellins in 
relation to flowering and stem elongation in the long-day 
plant Silene armeria. Plant Physiol. 46: 392-400. 
Cook, R. J. and P. F. Saunders. 1975» Phytochrome mediated 
changes in extractable gibberellin activity in cell-free 
system from etiolated wheat leaves. Planta 123: 299-302. 
97 
Cook, R. J., P. F. Saunders, and R. E, Kendrick. 1975* Red 
li^t induced production of gibberellin-like substances 
in homogenates of etiolated wheat leaves and in suspen­
sions of intact etioplasts. Planta 124: 319-328. 
Corcoran, M. R. and C. A. West. 1968, Inhibitors from carob 
(Ceratonia siligua L.). I. Nature of the interaction 
with gibberellic acid on shoot growth. Plant Physiol. 
43: 859-864. 
Crozier, A. and D. M. Reid. 1971. Do roots synthesize gib-
berellins? Can. J. Bot. 49: 967-975» 
de Haan, H.~ 1927. Length factors in Pi sum. Genetica 12: 321-440. 
de Ropp, R. S. 1956. Kinetin and auxine activity. Plant 
Physiol. 31: 253-254. 
Edelman, J. and M. A. Hall. 1964. Effect of growth hormones 
on the development of invertase associated with cell 
walls. Nature 201: 4915-4916. 
Evans, L. T. 1971. Flower induction and florigen concept. 
Ann. Rev. Plant Physiol. 22: 365-384. 
Evans, A. and H. Smith. 1976. Localization of phytochrome 
in etioplasts and its regulation in vitro of gibberellin 
levels. Proc. Nat. Acad. Sci. USA 73» 138-142. 
Fedorova,- A. I. and A. P. Gulaeva. 1976. Abscisic acid and 
growth rate in Siberian larch. Soviet Plant Physiol. 23» 
63-68. 
Filner, P., and J. E. Varner. I967. A test for ^  novo syn­
thesis of enzjTnes: Density labeling with H2^®0 of barley 
a-amylase induced by gibberellic acid. Proc. Nat. Acad. 
Sci. USA 58* 1520-152^ 
Flankland, S. and P. F. Warsing. 1960» Changes in endogenous 
gibberellins in relation to chilling of dormant seeds. 
Nature 194: 313-314. 
Flankland, B. and P. F. Wareing. I966. Hormonal regulation 
of seed dormancy in hazel (Corylus avellana L.) and beech 
(Pagus sylvatica L.). J. Exp. Bot. 17J 595-611. 
Galston, A. W., R. S. Baker, and J. W. King. 1953* Benzimida-
zole and the geometry of cell growth. Physiol. Plant. 6: 
863-872. 
98 
Gamer, W. A. and H. A. Allard. 1920. Effect of the relative 
length of day and night and other factors of the environ­
ment on growth and reproduction in plants. J. Agr. Re­
search 18: 553~6o6. 
Gaskin, P., P. McMillan, and J.A.D. Zeevaart. 1973* 
Identification of gibberellin A20» abscisic acid, and 
phaseic acid from flowering Bryophyllum daigremontianum 
by combined gas chromâtography-mass spectrometry. Planta 
111: 347-352. 
Goto, N. 1970. A comparison of gibberellin-like substances 
in germinating cotyledons of tall and dwarf varieties of 
Phaseolus vulgaris L. Plant and Cell Physiol. 11: 355-
359. 
Goto, N. and Y. Esashi. 1973» Diffusible and extractable 
gibberellins in bean cotyledons in relation to dwarfism. 
Physiol. Plant. 28: 480-489. 
Goto, N. and Y. Esashi. 1975« Gibberellins in the embryonic 
axes of tall and dwarf beans and their changes with 
initial growth. Plant and Cell Physiol. I6: 759-766. 
Gunckel, J. E. and K. V. Thimann. 1949. Studies of develop­
ment in long shoots and short shoots of Ginkgo biloba L. 
III. Auxin production in shoot growth. Am. J. Bot. 36: 
145-151. 
Guthrie, M. L. 1972. Soybean responses to photoperiodic 
extension under field conditions. Ph.D. dissertation. 
Library, Iowa State University, Ames, Iowa. 
Haber, A. H. and N. E. Tolbert. 1957. Photosynthesis in 
gibberellin treated leaves. Plant Physiol. 32: 152-153* 
Halevy, A. H. and H. M. Cat hey. I96O. Effects of structure 
and concentration of gibberellins on the growth of 
cucumber seedlings. Bot. Gaz. 122: 63-67. 
Halevy, A. H., S. P. Monselise, and T. Plaut. 1964. Effects 
of gibberellin on translocation and on dry matter and 
water content in several plant species. Physiol. Plant. 
17: 49-62. 
Hashimoto, T. and L. Rappaport. 1966a. Variations in 
endogenous gibberellins in developing bean seeds. I. Oc­
currence of neutral and acidic substances. Plant Physiol. 
41: 623-628. 
99 
Hashimoto, T. and L. Rappaport. 1966b. Variations in en­
dogenous gibberellins in developing bean seeds. II. 
Changes induced in acidic and neutral fractions by GA. 
Plant Physiol. 41: 629-632. 
Hashimoto, I. and Y. Yamaki. i960. Comparative effectiveness 
of gibberellins A]_ A2 A3 and Az^. with special reference 
to that of Ai^. Bot. Mag. 73: 64-68. 
Hatch, M. D. and K. T. Glasziou. I963. Sugar accumulation 
cycle in sugar cane. II. Relationship of invertase 
activity to sugar content and growth rate in storage 
tissue of plants grown in controlled environments. Plant 
Physiol. 38» 344-348. 
Hayashi, T. 196I. The effect of gibberellin treatment. 
In R. M. Klein (ed. ) Plant growth regulation. Fourth 
Int. Conf. on Plant Growth Regulation. Iowa State Univ. 
Press, Ames, Iowa. 
Hayashi, ?. and L. Rappaport. I962. Gibberellin-like ac­
tivity of neutral and acidic substances in the potato 
tuber. Nature 195» 617-618. 
Hofstra, G. 1972. Response of soybeans to temperature under 
hi^ light intensities. Can. J. Plant Sci. 52: 535-5^3» 
Jacobs, W. P. 1951. Auxin relationships in an intercalary 
meristemi Further studies on the gynophase of Arachis 
hypogaea L. Am. J. Bot. 381 307-310* 
Jehni, M. S. and D. G. Morgan. 1976. A comparative study of 
the effects of photoperiod on flower bud development and 
stem elongation in three varieties of Phaseolus vulgaris 
L. Ann. Bot. 401 l?-22. 
Jones, R. L. I968. Diffusion techniques for estimating gib­
berellin production by plant organs; the discrepancy 
between extractable and diffusible gibberellins in pea. 
Proe. 16th Int. Conf. on Plant Growth Substances 1968* 
73-84. 
Jones, R. L. and I.D.J. Phillips. I966. Organs of gibberel­
lin synthesis in light-grown sunflower plants. Plant 
Physiol. 41: I38I-I386. 
Junttila, 0. U. 1970» Effects of gibberellic acid and tem­
perature on the growth of young seedlings of Syringa 
vulgaris L. J. Hort. Sci. 45: 315-329. 
100 
Kato, J. and K. Katsumi. 1959. Studies on the physiological 
effect of gibberellin. V. Effect of gibberellic acid 
and gibberellin A on the activity of indole acetic acid 
oxidase. Mem, Coll. Sci. Univ. Kyoto, 26: 53-60. 
Katsumi, M. 1962. Physiological effects of kinetin effect 
on the thickening of etiolated pea stem sections. 
Physiol. Plant. 15* 115-121. 
Kaufman, P. B,, N. Ghosheh, and H. Ikuma. 1968. Promotion 
of growth and invertase activity by gibberellic acid in 
developing Avena internodes. Plant Physiol. 43* 29-34. 
Kefford, N. P. and P. L. Goldacre. I96I. The changing con­
cept of auxin. Am. J. Bot. 48* 643-650. 
Kilbum, D. M. and P. K. Taylor. I969. Effect of sulphydryl 
reagents on glucose determination by the glucose oxidase 
method. Analytical Biochem. 2?» 555-558. 
Kohler, D. 1964. Kinetische Untersuchunger Uber die Wirkung 
eines aus unreifen Samen von Vicia faba isolierten 
Antigibberellins. Planta 66» 326-343. 
Kohler, D. and A. Lang. I963. Evidence for substances in 
higher plants interfering with response of dwarf peas to 
gibberellin. Plant Physiol. 38* 555-560. 
Konishi, M. 1954. Development of flowering stalks in Silene 
ameria in relation to auxin metabolism. Proc. Jap. 
Acad. Sci. 30: 24-29. 
Kull, U. and F. Hoffhann. 1975* Influences of zeatin on 
respiration and photosynthesis of mesophyll protoplants 
of petunia. Biol. Plant (Praque) 17(1;* 31-37. 
Kuraishi, S. and R. M. Muir. 1964. The relationship of gib­
berellin and auxin in plant growth. Plant Cell Physiol. 
5* 61-69. 
Lang, A. 1965» Physiology of flower initiation, p. I38O-
1536. In W. Ruhland (ed.) Encyclopedia of plant physi­
ology. Vol. XV. Part 1. Springer, Berlin. 
Lang, A. 1970. Gibberellins: Structure and metabolism. Ann. 
Rev. Plant Physiol. 21» 537-570. 
Leopold, A. C. 1971. Antagonism of some gibberellin actions 
by a substituted pyrimidine. Plant Physiol. 48» 537-540. 
101 
Lester, D. C, and G. G. Carter. 1970. The influence of tem­
perature upon the effect of gibberellic acid on the growth 
of Pas-palum dilatatum. Proc. XI Int. Grassld. Cong., 
Surfers Paradise, Australia, 19?0: 615-618. 
Lockard, R. G., C. Grumwald, and S. M. Niraz. 1970. Gibberel-
lin activity in tall and dwarf tomatoes. Plant Physiol. 
46, Suppl.: 18. 
Lona, F. and A. Bocchi. 1957. Effetti morfogenetici ed 
organogenetici provacati dalla cinetina (kinetin) su 
piante erbacce in condzioni esteme controllate. Nuovo 
Bio. Bot. Italiano, N.S. 64: 236-246. 
McComb, A. J. I96I. Bound gibberellin in mature runner bean 
seeds. Nature 132: 575-576. 
McComb, A. J. I965. The control of elongation in Callitriche 
shoots by environment and gibberellic acid. Ann. Bot. 
29: 445-459. 
McComb, A. J. and J. A. McComb. 1970. Growth substances and 
the relation between phenotype and genotype. Planta 91: 
235-245. 
McLean, F. T. 1917. A preliminary study of climatic condi­
tions in Maryland; as related to plant growth. Physiol. 
Res. 2: 129-208. 
McMillan, P. and J.A.D. Zeevaart. 1973* Identification of 
gibberellin A20» abscisic acid, and phaseic acid from 
flowering Brvophvllum daigremontianum by combined gas 
chromatcgraphy-mass spectrometry, ^anta 111, 347-352. 
McRae, J. C. 1971. Quantitative measurement of starch in very 
small amounts of leaf tissue. Planta 96: 101-108. 
Marth, P. C. , W. V. Audia, and J. W. Mitchell. 1956. Effect 
of gibberellic acid on growth and development of plants 
of various genera and species. Bot. Gaz. 118: 106-111. 
Milborrow, B. V, 1972. The bioxynthesis and degradation of 
abscisic acid. p. 281-290. In D. J. Carr (ed.) Plant 
growth substances, 1970. Springer-Verlag, Berlin. 
Milborrow, B. V. and R. C. Noddle. 1970. Conversion of 5-(l, 
2-epoxv-2,6,6-trimethylcyclohexyl)-3-methylpentacis-2-
trans-4-dienoic acid into abscisic acid in plants. Bio-
chem. J. 119: 727-734. 
Mizrahi, Y., A. Blumenfeld, S. Bittmer, and A. E. Richmond. 
1971. Abscisic acid and cytokinin contents of leaves in 
relation to salinity and relative humidity. Plant 
Physiol. 48: 752-755* 
102 
Monselise, S. P. and A. H. Halevy. 1962. Effect of gibberel-
lin and AMO-I6I8 on growth, dry-matter accumulation, 
chlorophyll content and peroxidase activity of citrus 
seedlings. Am. J. Bot. 40<-4l2. 
Murakami, Y. I968. A new rice seedling test for gibberellins, 
"Kicrodrop Method", and its use for testing extracts of 
rice and morning glory. Bot. Mag. Tokyo 81: 33-^3» 
Nadeau, R. and L. Rappaport. 1972. Metabolism of gibberellin 
A^ in germinating bean seeds. Phytochemistry 11; I6II-I616. 
Nadeau, R., L. Rappaport, and C. F. Stolp. 1972. Uptake and 
metabolism of 3h-gibberellin A]_ by barley-aleurone layers: 
Response to abscisic acid. Planta 107: 315-32^. 
Nanda, K. K. and R. S. Dhindsa. I968. Effect of gibberellic 
acid on starch content of soybean (Glycine max L.) and 
its correlation with extension growth. Plant and Cell 
Physiol. 91 424-432. 
Nanda, K. K. and A. N. Purohit. 1965' Effect of gibberellin 
on mobilization of reserved food and its correlation with 
extension growth. Planta 66: 121-125» 
Nanda, K. K., H. N. Krishnamoorthy, T. A. Anuradha, and L. 
Krishan. I967. Floral induction by gibberellic acid in 
Impatiens balsamina, a qualitative short day plant. 
Planta 76: 367-370. 
Nelson, A. 1944. A phytometric adaptation of the Somogyi 
method for the determination of glucose. J. of Biol. 
Chem. 153: 375-380. 
Ogawa, Y. I962. Quantitative difference of gibberellin-like 
substance in normal and dwarf varieties of Pharbitis nil 
Chois. Bot. Mag., Tokyo 75» 449-450. 
Paleg, L. G. i960. Physiological effects of gibberellic acid. 
II. On starch hydrolyzing enzymes of barley endosperm. 
Plant Physiol. 40: 437-441. 
Paleg, L. G. I965. Physiological effects of gibberellins. 
Ann. Rev. Plant Physiol. 16: 291-322. 
Palmer, J. M. I966. The influence of growth regulating sub­
stances on the development of enhanced metabolic rates in 
thin slices of beetroot storage tissue. Plant Physiol. 
41: 1173-1178. 
103 
Parker, M. W. and H. A. Borthwick. 1951» Photoperiodic re­
sponses of soybean varieties. The Soybean Digest 11; 
26-30. 
Pharis, R. P. 1972. Flowering of Chrysanthemum under 
non-inductive long days by gibberellins and N^-benzylade-
nine. Planta 105: 205-212. 
Phinney, B. C. 1956a. Biochemical mutants in maize: Dwarfism 
and its reversal with gibberellins. Plant Physiol. 31» 
Suppl.: XX. 
Phinney, B. 0. 1956b. Growth response of single-gene dwarf 
mutants in maize to gibberellic acid. Proc. Natl. Acad. 
Sci. U.S. 42: 185-189. 
Phinney, B. 0. I96I. Dwarfing genes in Zea mays and their 
relation to the gibberellins. p. 489-501. In R. M. Klein 
(ed.) Plant growth regulation. Iowa State College Press, 
Ames, Iowa. 
Pilet, P. S. 1957. Action des gibberellines sur l'activité 
auxines-oxydasique de tissue cultives in vitro. C. R. 
Acad. Sci. (Paris) 2451 1327-1328. 
Pokhriyal, T. C., S. Abbas, and G. S. Sirohi. 1976. Effect 
of photo-inductive cycles on the level of endogenous 
gibberellins in Biloxi soybean (Glycine max L., Merr.). 
Indian J. Plant Physiol. 19(1): 119-121. 
Radley, M. 1958. The distribution of substances similar to 
gibberellic acid in higher plants. Ann, Bot. 22: 297-307. 
Radley, K. 1970. Comparison of endogenous gibberellins and 
response to applied gibberellin of some dwarf and tall 
wheat cultivars. Planta 92: 292-303. 
Raschke, K., K. Pierce, and C. Chan. 1976. Abscisic acid 
content and stomatal sensitivity to CO2 in leaves of 
Xanthium strumaricum L. after- pretreatments in warm and 
cold growth chambers. Plant Physiol. 57: 115-121. 
Rasmusson, J. 1927. Genetically changed linka^ values in 
Pisum. Hereditas 10: 1-152. 
Reid, D. M., J. B. Clements, and D. J. Carr. I968. Red light 
induction of gibberellin synthesis in leaves. Nature 
217: 580-582. 
104 
Risch, H. 1976. Studies on the endogenous gibberellin con­
tent of tall and short potato plants. Biochem. Physiol. 
Pflanzen. 170% 567-575. 
Robitaille, H. A. and R. F. Carson. 1976. Gibberellic and 
abscisic acid-like substances and the regulation of apple 
shoot extension. J. Am. Soc. Kort. Sci. 101(4); 388-392. 
Rojas-Gomez, E. J. 1971. Effect of some chemicals on sugar 
storage in corn (Zea mays L.), sorghum (Sorghum bicolor 
(L.) Moench) and sugarcane (Saccharum officinarum L.). 
Ph.D. dissertation. Library, Iowa State University, Ames, 
Iowa. 
Ross, J. D. and J. W. Bradbeer. I968. Concentrations of gib-
berellin in chilled hazel seeds. Nature 220: 85-86. 
Ruddat, M. and R. R. Pharis. I966. Participation of gibberel-
lin in the control of apical dominance in soybean and 
redwood. Planta 71: 222-228. 
Sander, J. L. and D. A. Brown. 1973. An improved technique 
for making wedge grafts in soybean plants. Agron. J. 
65: 675-676. 
Sawhney, S. and N. Sawhney. 1976. Floral induction by gib­
berellic acid in Zinnia eleeans Jacq. under non-inductive 
long days. Planta 13I: 207-208. 
Sembdner, G., J, Wieland. 0. Aurich, and K. Schreiber. I968. 
Isolation, structure and metabolism of a gibberellin gly­
coside. p. 70-86. In Plant growth regulators. Soc. 
Chem. Ind. Monograph 31. 
Shibles, R. K. and B. E. Green. I969. Morphological and 
physiological considerations in breeding for narrow rows. 
Proc. Soybean Breeding Conference I969: 1-12. 
Shih, C. y= and L. Rappaport. 1970. Regulation of bud rest 
in tubers of potato, Solanua tuberosum L. YIII* Effects 
of abscisic acid and gibberellic acids on nucleic acid 
synthesis in excised buds. Plant Physiol. 45» 33-36. 
Simpson, G. M. and P. Saunders. 1972. Abscisic acid associated 
with wilting in dwarf and tall Pi sum sativum. Planta 102: 
272-276. 
Skinner, G. G. and W. Shive. 1955» Synthesis of some 6-
(Substituted)-aminopurines. J. Ag. Chem. Soc. 77: 6692-
6693. 
105 
Smith, 0. E. and L. Rappaport. 1961. Endogenous gibberellins 
in resting and sprouting tomato tubers. Adv. Chem. 28: 
42-48. 
Snedecor, G. W. and W. G. Cochran. 196?. Statistical methods. 
Iowa State University Press, Ames, Iowa. 
Sommer, K, F. 1961. Longitudinal and lateral response of 
etiolated pea sections to indoleacetic acid, gihberellin, 
kinetin, sucrose and cabaltose chloride. Physiol. Plant. 
14: 741-749. 
Somogyi, M. I945. A new reagent for the determination of 
sugars. J. Biol. Chem. 166: 61-68. 
Stoddart, J. L. I966. Studies on the relationship between 
gibberellin metabolism in normal and non-flowering red 
clover. J. Exp. Bot. 17: 96-IO7. 
Stoddart, J. L. I968. The association of gibberellin-like 
activity with the chloroplast fraction of leaf homogenates. 
Planta 81: 106-112. 
Stoddart, J. L. 1976. Phytochromes and gibberellins. Nature 
261: 448-449. 
Suge, H. 1970. Changes of endogenous gibberellins in ver­
nalized radish plants. Plant and Cell Physiol. 11: 
729-735. 
Suge, H. and Y. Murakami. 1968. Occurrence of a rice mutant 
deficient in gibberellin-like substances. Plant and Cell 
Physiol. 9: 411-414. 
Taylor, K. F. and R. S. Burden. 1970. Identification of plant 
growth inhibitors produced by photolysis of biolaxanthin. 
Phytochemistry 9» 2217-2223. 
Thomas, T. H., P. F. Wareing, and P. Mo Robinson. 1965» 
Action of the sycamore 'Dormin' as a gibberellin antago­
nist. Nature 205: 1270-1272. 
van den Ende, H. and J.A.D. Zeevaart. 1971. Influence of day-
length on gibberellin metabolism and stem growth in 
Silene armeria. Planta 98: 164-176. 
van Overbeek, J. 1938. Auxin production in seedlings of dwarf 
maize. Plant Physiol. 13* 387-398. 
106 
van Overbeek, J., J. E. Loeffler, and K.I.R. Mason. I968. 
Mode of action of abscisic acid. p. 1593-160?. In 
P. Wightman and G. Setterfield (ed.) Biochemistry and 
physiology of plant growth substances. Rimge Press, 
Ottawa. 
Vernon, L. P. and S. Aronoff. 1952. Metabolism of soybean 
leaves. IV. Translocation from soybean leaves. Arch. 
Biochem. Biophys. 36: 383-398. 
Wareing, P. F. and P. F. Saunders. I97I. Hormones and dor-
dormancy. Ann. Rev. Plant Physiol. 22: 261-288. 
Ware ing, P. F,, J. Good, and J. Manuel. I968. Some possible 
physiological roles of abscisic acid. In F. Wightman and 
G. Setterfield (ed. ) Biochemistry and physiology of plant 
growth substances. Runge Press, Ottawa. 
Wellensik, S. J. 1976. Stem elongation of 'Dwarf Silene 
armeria L. as influenced by generative condition and GA?. 
Proc. K. Ned. Akad. Wetenschap 0. 79(1): 84-89. 
Wittwer, S. H. and M. J. Bukovac. 1962. Quantitative and 
qualitative differences in plant response to the gibberel-
lins. Am. J. Bot. 49: 524-529* 
Wittwer, S. H. and R. R. Deloph. I963. Some effects of 
kinetin on the growth and flowering of intact green 
plants. Am. J. Bot. 50-, 330-336. 
Wolf, F. T. and A. T. Haber. i960. Chlorophyll content of 
gibberellin treated wheat seedlings. Nature 156: 217-218. 
Wright, S.T.G, I96I. A sequential growth response to gib-
berellic acid, kinetin, and indoleacetic acid in the wheat 
coleoptile. Nature I9O: 699-700. 
Yamane, H. N. Murofushi, and N. Takahashi. 1975» Metabolism 
of gibberellins in maturing and germinating bean seeds, 
rhytochemistry 14j 1195-1200. 
Yates, R. A. 1972. Effects of environmental conditions and 
the coadministration of growth retardants on the response 
of sugarcane to foliar treatment with gibberellin. Agron. 
J. 64» 31-35. 
Yomo, K. i960. Studies of the a-amylase activating substance. 
IV. On the amylase activating action of gibberellin. 
Hakko Kykai Shi 18; 600-606. 
107 
Zabadal, T. J. 1974. A potential threshold for the increase 
of abscisic acid in leaves. Plant Physiol. 53s 125-127. 
Zeevaart, J.A.D. 1962, Physiolos'' of flowering. Science 
137; 723-731. 
Zeevaart, J.A.D. 1969a. Gibberellin-like substances in 
Bryophyllum daigremonthi^um and the distribution and 
persistance of applied gibberellin A,. Planta 86; 124-
135. ^ 
Zeevaart, J.A.D. 1969b. Changes in the gibberellin content of 
Bryophyllum dai gremont i anum in connection with floral in­
duction. Neth. J. Agric. Sci. 17: 215-220. 
Zeevaart, J.A.D. and A. Lang. I962. The relationship between 
gibberellin and floral stimulus in Bryophyllum daigre-
ffiontianum. Planta 58: 531-542. 
Zehni, M. S. and D. G. Morgan. 1976. A comparative study of 
the effects of photoperiod on flower bud development and 
stem elongation in three varieties of Phaseolus vulgaris, 
L. Ann. Bot. 40: 17-22. 
108 
ACKNOWLEDGMENTS 
I wish to express deep appreciation to Dr. I. C. 
Anderson for his guidance and constructive criticism through­
out the research and writing of this thesis. I am sincerely 
grateful to Dr. C. E. LaMotte, Dr. C. A. Martinson, Dr. R. G. 
Palmer, and Dr. R, M. Shibles, and Dr. R. B. Pearce for their 
participation on the doctoral committee, and to the Department 
of Agronomy, Iowa State University, for providing me with a 
research assistantship. 
My thanks also go to Dr. P. N. Kinz for statistical ad­
vice, to Mr. D. K. Lee for his help in SAS programs and 
statistical analysis, and to H. H. Heer for her editing 
my writing. 
My appreciation is extended to my parents who took care of 
my daughter. Hee-Young, and encouraged me to continue to study 
in the U.S.A. My sincerest thanks go to my husband, Won Mok, 
who continuously made helpful suggestions and discussed my 
research processes and results. 
109 
APPENDIX 
110 
Table 12. Analyses of variance of sucrose levels in leaves and stems of 
three genotypes of soybeans at different times of harvest 
Source df MS F Prob F 
In stems 
Genotype (GEN) 2 0.008 0.16 0.985 
Harvest (HAR) 2 11.653 21.975 0.0001 
G£N X HAR 4 1.977 3.729 0.012 
Error A 36 0.003 
Stem position (SP) 1 0.549 0.818 0.625 
SP X GEN 2 1.426 2.124 0.132 
SP X HAE 2 2.858 4.257 0.021 
SP X GEN X HAR 4 2.632 3.920 0.010 
Residual 36 0.003 
In leaves 
GEN 2 0.489 0.917 0.589 
HAR 2 3.686 6.908 0.003 
ŒN X HAR U 0.964 1.807 0.148 
Error A 36 0.533 
Leaf position (LP) T 3^919 21,379 0.0002 
LP X GEN 2 0.255 1.395 0.261 
LP X HAR 2 1.634 8.916 0.001 
LP X ŒN X HAR 4 0.365 1.993 0.116 
Residual 36 0.183 
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Table 13, Analyses of variance of reducing sugar levels in leaves and 
stems of three genotypes of soybeans at different times of 
harvest 
Source df MS F Prob F 
In stems 
GEN 2 20.403 2.926 0.065 
HAR 2 3.395 0.487 0.624 
GEN X HAE 4 8.107 1.163 0.343 
Error A 36 6.973 
SP 1 157.080 61.179 0.0001 
SP X GEN 2 1.665 0.649 0.533 
SP X HAR 2 16.807 6.546 0.004 
SP X ŒN X HAH 4 5.411 2.108 0.099 
Residual 36 2.568 
In leaves 
GEN 2 12.265 6.362 0.005 
HAR 2 110.759 57.457 0.0001 
ŒN X HAR 4 4.508 2.338 0.073 
Error A 36 1.928 
IP 1 28.325 25.108 0.0001 
LP X ŒN 2 0.293 0.260 0.776 
LP X HAR 2 6.661 5.904 0.006 
LP X GEN X HAR 4 5.248 4.652 0.004 
Residual 36 1.128 
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Table 14. Jinalyses of variance of starch levels in leaves and stems of 
three genotypes of soybeans at different times of harvest 
Source df MS F Prob F 
In St ens 
G£N 2 1100.13 21.24 0.0001 
HAR 2 1446.77 27.93 0.0001 
(SN X EAR 4 25.22 0.49 0.75 
Error A 36 51.81 
SP 1 578.41 26.71 0.0001 
SP X GEM 2 171.95 7.94 0.0017 
SP X HAR 2 120.53 5.57 0.0079 
SP X GEN X HAR 4 37.14 1.72 0.1671 
Residual 36 21,65 
In leaves 
GEN 2 27.35 0.33 0.7274 
HAR 2 6452.27 77.25 0.0001 
CSS X HAR 4 174.68 2.09 0.1014 
LP 1 2155.42 32.29 0.0001 
LP X ($N 2 615.19 9.22 0.0009 
LP X HAR 2 226.94 3.40 0.0432 
LP X GEN X HAR 4 599.29 8.98 0.0001 
Residual 36 66.75 
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Table 15* Analyses of variance of invertase activities in leaves and 
stems of three genotypes of soybeans at different times of 
harvest 
Source df MS F Prob P 
In stems 
GEN 2 452.609 2.86 0.0685 
HAP. 2 576.906 3.65 0.0350 
C£N X HAR 4 917.917 5.81 0.0013 
Error A 36 157.979 
SP 1 10621.733 60.85 0.0001 
SP X GEN 2 593.148 3.40 0.0434 
SP X HAR 2 746.695 4.28 0.0210 
SP X GEN X HAR 4 385.436 2.21 0.0868 
Residual 36 174.553 
In leaves 
GEN 2 7639.413 18.63 0.0001 
HAR 2 12908.151 31.47 0.0001 
GSK X KAR 4 958.816 2.34 0.0731 
Error A 36 410.155 
LP 1 190.561 0.61 0.5522 
LP X GEN 2 1154.596 3.67 0.0346 
IP X HAR 2 2751.855 8.74 0.0011 
LP X CSN X HAR 4 3616.099 11.48 0.0001 
Residual 36 314.953 
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Table 16. Analyses of variance of al]Aa-anylase activities in leaves and 
stems of three genotypes c£ soybeans at different tines of 
harvest 
Source df MS F Prob F 
In stems 
ŒN 2 125.954 4.99 0.0151 
BAR 1 1638.142 65.01 0.0001 
GEN z HAR 2 91.403 3.63 0.0410 
Error A 24 25.199 
SP 1 85.945 24.21 0.0002 
SP X ŒN 2 34.689 9.77 0.0011 
SP X HAE 1 104.676 29.49 0.0001 
SP X GEN z HAR 2 55.875 15.74 0.0001 
Residual 24 3.549 
In leaves 
ŒN 2 2.877 0.41 0.6726 
HAR 1 162.757 23.26 0.0002 
ŒN X HAR 2 16.942 2.42 0.1085 
Error A 24 6.996 
IP 1 119.230 32.74 0.0001 
If X GEN 2 1.583 0.43 0.6577 
IP X HAR 1 0.032 0.009 0.9236 
IP X GEN X HAR 2 3.524 0.97 0.6036 
Residual 24 3.6^ 
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Table 17* Analyses of variance of beta-aqylase activities in leaves and 
stmns of three genotypes of soybeans at different times of 
harvest 
Source df MS F Prob F 
In stems 
GEN 2 24442.87 2.11 0.1338 
HAR 2 4045561.43 349.75 0.0001 
GEN X HÂB U 67219.58 5.81 0.0013 
Error A 36 11566.85 
SP 1 108648.66 18.49 0.0003 
SP X GEN 2 66427.82 11.30 0.0003 
SP X HAR 2 2008A2.48 34.17 0.0001 
SP X GEN X HAR 4 41010.87 6.98 0.0005 
Residual 36 5877.53 
In leaves 
ŒN 2 194641.39 2.51 0.0934 
HAR 2 3611273.54 46.63 0.0001 
GEN X HAR 4 766058.93 9.89 0.0001 
Error A 36 77446.09 
IP 1 835098.26 15.82 0.0006 
LP X OEN 2 260154.69 4.93 0.0127 
LP X HAR 2 348800.03 6*61 0.0039 
LP X GEN X HAR 4 199775.19 3.78 0.0114 
Residual 36 52791.08 
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Table 18, Analyses of variance of sucrose levels in leaves and stems of 
three genotyoes of soybeans after the aoplieatians of exogenous 
Source df MS F Prob F 
In stems 
GSN 2 7.75 6.52 0.0057 
Treatment (TRT) 1 0.97 0.81 0,6209 
GEN X TRT 2 5.59 4.79 0.0185 
Error A 24 1.19 
SP 1 0.44 0.61 0.5529 
SP X GEN 2 2.39 3.30 0.0530 
SP X TRT 1 0.40 0.55 0.5275 
SP X ŒN X TRT 2 0.03 0.02 0.9811 
Residual 24 0.72 
In leaves 
GEH 2 1.26 3.90 0.0333 
TRT 1 0.01 0.03 0.8497 
GEN X TRT 2 1.62 2.50 0.1016 
Error A 24 0.32 
IP 1 0.17 0.79 0.6135 
IP X GEN 2 0.78 3.61 0.0417 
IP X TRT 1 0.004 0.02 0.8837 
LP X ŒN X TRT 2 0.47 2.14 0.1378 
Residual 24 0.22 
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Table 19# Analyses of variance of reducing sugar levels in stems and 
leaves of three genotypes of soybeans after the applications 
of exogenous GA^ 
Source df MS F Prob F 
In stems 
GEN 2 79.02 4.17 0.0272 
TRT 1 26.01 1.38 0.2510 
GEN X TKT 2 10.69 0.56 0.5811 
Error A 24 18.96 
SP 1 25.68 6.17 0.0193 
SP X ŒN 2 25.29 6.07 0.0073 
SP X TRT 1 14.89 3.58 0.0676 
SP X ŒN X TRT 2 0.03 0.006 0.9943 
Residual 24 4.16 
In leaves 
GEN 2 1.27 1.08 0.3571 
TRT 1 0.80 0.68 0.5776 
(SN X TRT 2 1.42 1.21 0.3153 
Error A 24 1.18 
LP 1 . 12.93 15.93 0.0008 
LP X GEN 2 2.84 3.50 0.0452 
LP X TRT 1 5.48 6.75 0.0150 
LP X GEN X TRT 2 3.88 4.78 0.0176 
Residual 24 0,81 
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Table 20. Analyses of variance of starch levels in stems and leaves of 
three genotypes of soybeans after the applications of 
exogenous GA^ 
Source df MS F Prob P 
In stems 
GEN 2 287.26 11.29 0.0006 
TBT 1 0.05 0.0C2 0.9626 
GEN X TKT 2 61.23 2.41 0.1099 
Error A 24 25.44 
SP 1 137.17 14.50 0.0011 
SP X ŒN 2 16.84 1.78 0.1888 
SP X TRT 1 11.70 1.24 0.1767 
SP X ŒN X TRT 2 6.65 0.70 0.5093 
Residual 24 9.46 
In leaves 
ŒN 2 1141.34 5.97 0.0080 
TRT 1 364.13 1.95 0.1775 
ŒN X TRT 2 800.63 4.19 0.0268 
Error A 24 191.28 
LP 1 9289.94 45.71 0.0001 
LP X GEN 2 512.65 2.52 0.0997 
LP X TRT 1 169.24 0.83 0.6263 
LP X GEN X TRT 2 111.59 0.55 0.5895 
Residual 24 203.23 
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Table 21. Analyses of variance of invertase activities in stems and 
leaves of three genotypes of soybeans after the applications 
of exogenous 
source df F Prob F 
In stems 
CSS 1 114.08 0.67 0.5695 
TET 1 899.75 5.28 0.0337 
(ZN X TRT 1 2.13 0.01 0.9086 
Error A 16 170.53 
SP 1 2744.49 15.97 0.0013 
SP X GEN 1 0.65 0.004 0.9523 
SP X TRT 1 679.72 3.95 0.0614 
SP X GEN X TET 1 11.65 0.07 0.7932 
Residual 16 171.90 
In leaves 
GEN 1 1588.36 1.19 0.2907 
TBT 1 64.67 0.05 0.8225 
GEN X TRT 1 40.64 0.03 0.8575 
Error A 16 1329.64 
LP 1 13.74 0.04 0.8310 
LP X ŒN 1 7.76 0.02 0.8714 
LP X TRT 1 753.60 2.40 0.1377 
LP X GEN X TRT 1 335.24 1.07 0.3177 
Residual 16 313.77 
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Table 22. Analyses of variance of alpha-anqrlaae activities in stems and 
leaves of three genotypes of soybeans after the applications 
of exogenous GA^ 
Source df MS F Prob F 
In stems 
GEN 1 29.95 1.60 0.2222 
TRT 1 8.77 0.47 0.5097 
GEN X TRT 1 1.45 0.08 0.7805 
Error A 16 18.72 
SP 1 17.20 2.71 0.1158 
SF X GEN 1 3.24 0.51 0.5090 
SP X TET 1 0.94 0.15 0.7063 
SP X GEN X TRT 1 10.11 1.60 0.2229 
Residual 16 6.34 
In leaves 
GEN 1 3126.53 13.72 0.0022 
TRT 1 412.17 1.81 0.1951 
ŒN X TRT 1 177.83 0,78 0.6061 
Error A l6 227.86 
LP 1 79.02 1.82 0.1943 
IP X GEN 1 224.49 5.16 0.0355 
LP X TRT 1 15.88 0.36 0.5606 
LP X GEN X TRT 1 6.61 0.15 0.7031 
Residual 16 43.53 
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Table 23 • Analyses of variance of beta-amylase activities in stems and 
leaves of three genotypes of soybeans after the ap^^cations 
of exogenous GA^ 
Source df MS F Prob F 
In stems 
GEN 1 54962.95 4.47 0.0682 
TRT 1 1277.35 0.10 0,7494 
GEN X TRT 1 10127.67 0.82 0.6191 
Error A 16 12295.41 
SP 1 37063.74 3.90 0.0612 
SP X GEN 1 2411.19 0.25 0.6265 
SP X TRT 1 538.90 0.05 0.8095 
SP X GEN X TRT 1 619.84 0.06 0.7969 
Residual 16 9513.27 
In leaves 
GEN 1 56848.58 4.08 0.0578 
TRT 1 839.79 0.06 0.8040 
GEN X TRT 1 755.16 0.05 O.8I33 
Error A 16 13923.56 
LP 1 36709.06 8.14 0.0111 
LP X GEN 1 9297.62 2.06 0.1675 
LP X TRT 1 3719.49 0.83 0.6195 
LP X (SN X TRT 1 1984.72 0.45 0.5227 
Residual 16 4507.46 
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Table 24, Analyses of variance of the effect of day length on the 
soybean height. Soybeans were treated with GA^ at four 
different stages of plant development 
Source df MS F Prob F 
Day length (DL) 1 70124.47 — — 
GA3 3 25874.96 187.88 0.0001 
Age 3 8356.89 60,68 0.0001 
GA^ X Age 9 3718.76 27.00 0.0001 
DL X GA^ 3 421.52 3.06 0.0337 
DL X Age 3 402.45 2.92 0.0398 
DL X Age X GA^ 9 162.01 1.18 0.3248 
Residual 64 137.72 
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Table 25» Analyses of variance of temperature on the shoot growth of 
two sister lines of soybeans 
Source df MS F Prob F 
Temperature (lEMP) 1 1402645.64 189.34 0.0001 
Line 1 750100.34 101.25 0.0001 
Treatment (TRT) 7 716009.76 96.65 0.0001 
TEMP X Line 1 13904.34 1.88 0.1772 
TEMP X TRT 7 36096.80 4.87 0.0010 
TRT X Line 7 17416.19 2.35 0.0464 
roc* X Line x TRT 7 6298.61 0.85 0.5558 
Residual 32 7408.07 
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Table 26. Analyses of variance of the effect of mixtures containing 
different concentrations of lAA and GA- on the total heists 
of Aasoy 2 weeks after first treatment 
Source df MS F Prob F 
lAA 
=«3 
lAA X GA^ 
Residual 
4 
2 
8 
30 
436.43 
9952.94 
404.37 
58.72 
7.43 
169.51 
6.89 
0.0005 
0.0001 
0.0001 
